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PART I
raiRPENES OF MARINE INVERTEBRATES 
INTRODUCTION
Previous chem ical work on gorgonians (c la ss  Anthozoa; subclass 
A lcyonaria: o rd e r Gorgonacea) has been d ire c te d  p a r t ic u la r ly  toward
th e  halogenated amino a c id  co n ten t o f th e i r  s k e le ta l  m a te r ia l  ( l ) .
More re c e n tly , th e  s te r o l s  o f sev e ra l spec ies  have been in v e s tig a te d  by 
th e  l a te  Werner Bergraann o f Yale U n iversity  (2 ) . The most re c en t re p o rt 
d e a ls  w ith  th e  occurrence of tau ro b e ta in e  and c re a tin e  in  gorgonians (3 ). 
P r io r  to  th e  work rep o rted  h e re in , th e re  have been no re p o r ts  o f te rpenes 
in  gorgonians.
Since te rp en es  a re  norm ally obtained from p la n t  m a te r ia l (k)  and 
gorgonians have zooxanthellae  a sso c ia te d  w ith them, th e se  a lg a l  c e l l s  may 
p la y  a ro le  in  th e  form ation o f the  terpene compounds. I t  has been shown 
th a t  the is o la te d  zooxan tha llae  from Plexaura c rassa  co n ta in  la rg e  amounts 
o f  the  te rp en es  s tu d ied  in  t h i s  work. In  th is  re sp e c t, i t  i s  o f  in te r e s t  
to  note th e  is o la t io n  o f a sesqu ite rpene  f r a c t io n  from the e s s e n t ia l  o i l  
o f a  seaweed ( 5 ) . The presence o f a cadlnene was in d ic a te d  on the b a s is  
o f  dehydrogenation o f the  o i l  to  1 ,8-dim ethylnaphthalene.
The p re se n t work i s  p a r t  o f  a system atic  study o f  gorgonians.
The l ip id  f r a c t io n  from P lexaura c ra ssa  ( E l l i s  and Solander) was in v e s t i ­
gated  fo r  co n ten t o f n o n lip id  m a te r ia l, and an o i l  now recognized as a
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sesqu ite rpene  and a  c ry s ta l l in e  te rp e n o id  conqpound -were is o la te d .
This in v e s t ig a tio n  a lso  inc ludes p re lim in a ry  work on an o i l  from 
P te ro g o rg ia  am ericana (■Smelin) and a s o l id  from X iphigorgia anceps 
(P a lla s ) .
DISCUSSION
The c o rk -lik e  o u te r la y e r , o r cortex , vas removed from th e  h ard  
p ro te in  sk e le to n  o f sev e ra l specimens o f P lexaura  c ra ssa . P e rc o la tio n  
o f pentane over th e  crushed co rtex  a ffo rded  th e  l ip id  f r a c t io n  from 
lAiich a sesqu ite rpene  o i l  and, in c id e n ta lly , p a lm itic  a c id  were is o la te d .  
P u r ity  o f  th e  o i l  could no t he e s ta b lis h e d  because of i t s  unusual in s t a ­
b i l i t y  to  hea t and a i r  o x id a tio n . Chemical and spectroscop ic  evidence 
in d ic a ted  th a t  th e  p r in c ip a l component was a  (+ )-cadinene. A cadinene 
i s  defined  as  any one o f n ine p o ss ib le  dienes (form ula l )  c o n v e rtib le  by 
ad d itio n  of hydrogen ch lo rid e  to  cadinene d ihydrochloride ( l l ) .  The 
p h y sica l p ro p e r tie s  o f th e  o i l  from P lexaura c ra ssa  do no t agree w ith 




S tru c tu re  I I I ,  d is tin g u ish e d  from o th e r cadinenes by lo c a tio n  
o f  th e  double bonds, i s  t e n ta t iv e ly  proposed f o r  th e  se sq u ite rp en e  on 
th e  b a s is  o f th e  a v a ila b le  chem ical and spectroscopic  in fo rm ation .
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Carbon and hydrogen a n a ly s is  agreed w ith  th e  formula and
p e ra c id  determ ination  o f  u n sa tu ra tio n  confirm ed th e  presence o f  two 
o le f in ic  bonds.
The in f ra re d  spectrum of th e  o i l  in d ic a te d  th e  presence o f  a  t r i ­
s u b s t i tu te d  double bond and th e  absence o f  a  te rm in a l methylene group.
An u n co rre la ted  s tro n g  band a t  11 .46 // was probab ly  due to  ab so rp tio n  
by  th e  te t r a s u b s t i tu te d  o le f in ic  group. A doubly a l l y l i c  methylene was 
in d ic a te d  by th e  n u c le a r  m agnetic resonance spectrum  o f the  o i l ,  and 
form ation  o f  (+ )-cadinene d ihydroch lo ride  showed th a t  th e  double bonds 
were cen te red  around th e  0%̂ and C^o carbon atoms (form ula IV).
Id e n ti ty  o f  th e  d ihydroch loride  was e s ta b lis h e d  by th e  f a c t  t h a t  
a n a ly s is  o f th e  compound agreed w ith  th e  fozmula Cj^^HggClg, and i t s  
in f r a re d  spectrum (KBr) was id e n t ic a l  w ith  t h a t  o f ( -)-cad inene d ihydro­
ch lo rid e  obtained  from cade o i l .  This assignm ent o f  s tru c tu re  was con­
firm ed by th e  form ation of o p t ic a l ly  in a c tiv e  cadinene d ihydrochloride 
from an equimolar m ixture o f  th e  two enantiom ers mentioned above. The 
racem ic con^und had th e  same m eltin g  p o in t as  th a t  rep o rted  fo r  ( i ) -  
cadinene d ihydroch lo ride  p repared  from a  racem ic cadinene from n a tu ra l  
sources (7 ) .
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A d d itio n a l evidence f o r  th e  sk e le to n  o f th e  sesq u ite rp en e  was ob­
ta in e d  by dehydrogenation o f  th e  o i l  w ith selenium . The product ob ta ined  
was cadalene ( l ,  8 -d im ethy l-li-isop ropy lnaph tha lene), which was id e n t i f ie d  
by conversion  to  i t s  p ic r a te  and i t s  tr in itro b e n z e n e  adduct.
As m entioned above^ p a lm itic  a c id  was a lso  obtained from th e  l i p i d  
f r a c t io n  o f  P lexau ra  c ra s s a . The f a t t y  a c id  was id e n t i f ie d  by th e  unique 
s e r ie s  o f even ly  spaced ab so rp tio n  bands in  th e  7 .4 l-8 .k 8 /i reg io n  o f  th e  
in f ra re d  spectrum  (8 ) , by n e u tr a l  eq u iv a len t and by m elting  p o in t and 
m ixture m elting  p o in t w ith  an a u th e n tic  specimen. The in f ra re d  spectrum 
(KBr) o f  th e  p a lm itic  ac id  was id e n t ic a l  in  every re sp ec t w ith  th a t  o f 
au th en tic  m a te r ia l.
A fte r  removal o f th e  l i p i d  f r a c t io n  from th e  co rtex  o f P lexaura  
c ra ssa , i t  was found th a t  pro longed Soxhlet e x tra c tio n  of th e  re s id u e  
w ith  pentane a ffo rd ed  a  c r y s ta l l in e  s o l id  fo r  which th e  name c ra s s in  
a c e ta te  i s  suggested . In form ation  to  date  in d ic a te s  th a t  th e  compound 
possesses a  te rm ina l  m ethylene and one o th e r  o le f in ic  bond, two saponi­
f ia b le  groups, one o f which i s  an a c e ta te , and a  hydroxyl group. E v i­
dence fo r  th e  presence o f th e se  fu n c tio n a l groups i s  described  below.
Carbon, hydrogen and oxygen a n a ly s is  p o in ted  to  th e  form ula 
^21^30^5' Consumed p e ra c id  showed th a t  th e  compound was doubly u n sa t­
u ra te d . P resence  o f  a  te rm in a l o le f in ic  bond was in d ic a te d  by c h a ra c te r ­
i s t i c  in f r a r e d  ab so rp tio n  and by ozono lysis  to  formaldehyde. The n a tu re  
o f th e  second double bond could  n o t be a sc e r ta in e d  from th e  in f ra re d  
spectrum due to  bands in  b o th  th e  d i -  and t r i - s u b s t i t u t e d  o le f in ic  
abso rp tio n  reg io n s .
S a p o n ific a tio n  e q u iv a len ts  o f c ra s s in  a c e ta te  showed th e  presence
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of two hydro lyzab le  groups. Presence o f th e  a c e ta te  was confirm ed "by 
In f ra re d  ab so rp tio n  and by  conversion of a c e tic  ac id , o b ta ined  by  sap o n i­
f ic a t io n ,  in to  i t s  p-phenylazophenacyl d e r iv a tiv e . F a ilu re  to  o b ta in  an 
a lcoho l upon e x tra c tio n  o f  an aqueous a lk a lin e  so lu tio n  o f c ra s s in  a c e ta te  
and p r e c ip i ta t io n  o f an o i ly  s o l id  upon a c id i f ic a t io n  in d ic a te d  th a t  th e  
o th e r sap o n if iab le  group was e i th e r  a  lac tone  o r  an e s te r  o f  a  low molecu­
l a r  w eight a lco h o l.
Presence o f  a hydroxyl group was in d ica ted  by in f r a r e d  ab so rp tio n , 
and confirm ed by ac tiv e  hydrogen determ ination . Lack o f re a c t io n  o f th e  
compound to  form c h a r a c te r is t ic  a lco h o l d e r iv a tiv e s  in d ic a te d  th a t  th e  
hydroxyl was probably t e r t i a r y .
Supporting evidence f o r  th e  form ula in d ic a te d  above was th a t  c a ta ­
l y t i c  hydrogenation of th e  amorphous s o l id  ob ta ined  by lith iu m  aluminum 
hydride red u c tio n  o f  th e  compound in d ic a te d  th e  presence o f  two re d u c ib le  
bonds. C a lcu la tio n s  were based  on th e  lo s s  o f th e  a c e ty l  and conversion  
o f a la c to n e  in to  two hydroxyl groups.
Attempts to  e s ta b l is h  th e  carbon sk e le ton  o f  th e  confound f a i l e d .  
Selenium dehydrogenation o f  bo th  c ra s s in  a c e ta te  and i t s  l ith iu m  aluminum 
hydride red u c tio n  product gave m a te r ia ls  which in  iso -o c ta n e  so lu tio n  
e x h ib ite d  an absorp tion  maximum in  th e  benzenoid reg io n  o f  th e  u l t r a v io l e t  
spectrum and d id  n o t form a  p ic r a te .
A crude o i l  ob tained  by vacuum d i s t i l l a t i o n  o f th e  pentane e x tr a c t  
of P te ro g o rg ia  americana was su p p lied  by Dr. Leon S . C iereszko. Recent 
mass s p e c tra l  evidence by  C iereszko and Attaway (9 ) showed an o th er sample 
of p u r if ie d  o i l  to  be a  sesq u ite rp en e . The u l t r a v io le t  spectrum  o f  th e  
o i l  showed no s e le c tiv e  ab so rp tio n ; and p e ra c id  determ ina tion  o f  u n sa tu ra -
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t io n  in d ic a ted  th e  presence o f  1 .6  double bonds, which suggested  th a t  
th e  o i l  was a  m ix tu re . F u rth e r in v e s t ig a tio n  was no t p o ss ib le  because 
o f  a  lack  o f m a te r ia l.
A s o lid  o b ta ined  from th e  pentane e x tra c t  o f  X iph igorg ia  anceps, 
and p u r if ie d  by chromatography over a lk a lin e  alumina in  chloroform  was 
fu rn ish ed  by C iereszko. Carbon, hydrogen and oxygen a n a ly s is  and o th e r 
a v a ilab le  da ta  b e s t  f i t  th e  form ula CggH^gOj .̂
A s in g le  s a p o n if ic a tio n  equive0.ent agreed  w e ll w ith t h a t  deriv ed  
from the  form ula, and C iereszko suggested th e  presence o f a la c to n e  group 
on th e  b a s is  of o b ta in in g  an a c id  as th e  only  is o la b le  s a p o n if ic a tio n  p ro ­
duct.
Hydrogenation o f th e  compound w ith  reduced platinum  oxide in  e th y l 
a c e ta te  in d ic a te d  th e  presence o f two o le f in ic  bonds, and gave a  m ixture 
which was sep ara ted  in to  two components by f r a c t io n a l  c ry s ta l l iz a t io n  
from e th y l a c e ta te . Carbon and hydrogen a n a ly s is  o f th e  h igher m elting  
reduction  product agreed w e ll w ith  th e  form ula but a n a ly s is  o f
th e  lower m elting  product d id  no t agree as c lo se ly  as d e s irab le  fo r  th e  
te tra h y d ro  compound.
E x tra c ts  o f a m ixture from attem pted dehydrogenation o f th e  lith iu m  
aluminum hydride red u c tio n  product o f  th e  s o l id  showed u l t r a v io le t  absorp­
t io n  due on ly  to  s u lfu r  (lO ).
EXPERIMENTAL
A ll m eltin g  p o in ts  and b o ilin g  p o in ts  a re  un co rrec ted . Pentane 
used fo r  e x tra c tio n s  was r e d i s t i l l e d  P h i l l ip s  cozm ercial grade. Alumina 
used  fo r  chromatography was Merck (Darm stadt) grade I .
U nless o therw ise  in d ic a te d , th e  fo llow ing  an alyses were p e rfo m ed  
by Miss Nancy Meehan o f t h i s  lab o ra to ry : s a p o n if ic a tio n  eq u iv a len ts  by
th e  procedure in  Méthodes e t  R eactions de L 'Analyse Organique ( l l ) ,  a c e ty l  
de term ina tions by th e  procedure o f C lark (12), and C-methyl de term ina tions 
a f t e r  th e  method o f B a r th e l and LaPorge ( 13) . The m olecular weight o f  th e  
s o l id  from X iph igorg ia  anceps was determ ined by Mr. M. E. Marsico w ith  a 
Mechrolab vapor p re ssu re  osmometer.
I s o la t io n  o f S esqu iterpene  O il, P a lm itic  Acid and C rassin  A cetate 
from P lexaura  C rassa . --The f r e s h ly  c o lle c te d  anim als were d rie d  by hang­
ing  in  th e  shade during th e  sunny p a r t  o f th e  day, fo llow ed by h ea tin g  
in  an oven a t  about 60° fo r  up to  24 hours. The c o rte x  was s tr ip p e d  
from th e  anim als and crushed to  a  coarse powder w ith  a  meat g rin d e r.
Slow p e rc o la tio n  o f  f iv e  ga llons o f pentane over 10.5 kg. of th e  
d r ie d  co rtex , follow ed by  co n cen tra tio n , gave 825 g . o f  dark, v iscous 
re s id u e . The sesq u ite rp en e  o i l  and p a lm itic  a c id  were o b ta ined  by f la s h  
d i s t i l l a t i o n  o f th e  e x tra c t  w ith  an Asco 2" Rota-Film  m olecular s t i l l .
The more in so lu b le  c ra s s in  a c e ta te  c ry s ta l l iz e d  in  th e  b o i le r  upon p ro ­
longed Soadilet e x tra c tio n  o f th e  re s id u a l co rte x  m a te r ia l w ith  pentane.
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P ro p e r tie s  o f  P lexau ra  C rassa O il . —F lash  d i s t i l l a t i o n  o f  th e  
co n cen tra ted  e x tra c t  to  90°  a t  0 .2  mm. a ffo rd e d  th e  more v o la t i l e  f r a c ­
t io n  from which th e  sesq u ite rp en e  o i l  was ob ta in ed  in  a  0.33^ y ie ld  based 
on d r ie d  co rte x . F in a l p u r i f ic a t io n  was accomplished by  chromatography 
over a lk a l in e  alum ina i n  hexane follow ed by  simple r e d i s t i l l a t i o n  t o  give 
a  m a te r ia l id iich  b o ile d  a t  71° a t  2 .3  mm., had n |7  1.^948, + 24.5°
(c  6 .0 , chloroform ), showed c h a r a c te r is t ic  in f ra re d  abso rp tio n s  a t  6 . 07 ,
11.46 and 12.15  / /  , and strong  end ab so rp tio n  in  th e  u l t r a v io le t  reg io n  
( in  e th a n o l) . R e fra c tiv e  in d ice s  o f th e  o i l  from o th e r is o la t io n s  were 
n|*^ 1 .4958, n |T  1 . 4947, n|^*® 1.494o, and n |^  1 ^ 9 4 2 .
Anal. Calcd. f o r  0, 88.16; H, 11.84. Found: C, 88.52;
H, 1 1 .8 7 .
The sesq u ite rp en e  polym erized to  a  v iscous mass upon h e a tin g  fo r 
sev e ra l hours o r  upon exposure t o  a i r  fo r  a  few days. S a tis fa c to ry  s to r ­
age was accom plished by sea lin g  th e  m a te r ia l in  ampoules under a  carbon 
d ioxide atm osphere.
Dr. Leon S. C iereszko has re c e n tly  ob ta ined  an o i l  from th e  
acetone e x tra c t  o f  th e  I s o la te d  zooxanthellae  o f P lexaura c ra ssa  ( 9 ) .  The 
o i l  shows c h a r a c te r i s t i c  in f r a re d  abso rp tio n  bands corresponding to  those 
o f  th e  sesq u ite rp en e  o i l  above.
The n u c le a r  m agnetic resonance spectrum  o f th e  sesq u ite rp en e  was 
ob ta ined  a t  Y ale U n iv e rs ity , and in te rp re te d  by P ro fesso r C. E. Boozer 
o f  Emory U n iv e rs ity . The spectrom eter was op era ted  w ith  an o s c i l l a to r  
frequency o f 60 Me in  a  m agnetic f i e l d  o f 5200 gauss w ith  carbon t e t r a ­
ch lo rid e  as so lv en t and te tra m e th y l s ila n e  as  in te rn a l  s tandard .
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The n u c lea r  magnetic resonance peakS; in  p a r ts  p e r 10 m illio n  from 
■benzene, were ass igned  to  form ula I  as fo llow s: th e  reg io n  60-62 to  th e  
iso p ro p y l group m ethyls, 55-59 to  th e  s a tu ra te d  a l ip h a t ic  methylene and 
th e  t e r t i a r y  a l ip h a t ic  hydrogens, 53 to  th e  a l l y l i c  m ethyl groups w ith 
th e  a l l y l i c  m ethylene a t 52, ^9 to  th e  methylene group a l ly ic  to  both 
double bonds, h? to  th e  b rid g e  hydrogen, and 20 t o  the  v iny l hydrogen.
The sharpness o f  th e  62 peak was not understood, and th e  peak a t  13 was 
unassigned a s  were some o f  th e  o th er sm aller peaks.
I I I  I I 1




Figure 1. N uclear magnetic resonance spectrum  o f seaq u ite rp en lc  
o i l  In  p a r ts  p e r  10 m illio n  from benzene.
Q u a n tita tiv e  P erac id  Determ ination o f U n sa tu ra tio n  o f Plexaura 
C rassa  O il . —A 0.7^1 N so lu tio n  (25 m l.)  o f  perbenzoic  a c id  in  ch lo ro ­
form, p repared  by th e  method of Braun ( ih ) ,  was mixed w ith  467.2 mg. o f  
P lex au ra  c ra ssa  o i l  in  50 m l. o f cold  chloroform  and kept a t  0-4° in  a
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r e f r ig e r a to r .  A liquots (2 m l.)  were added to  excess sodium io d id e  so lu ­
t io n  (2  g. sodium io d id e , 50 ml. w ater, 5 ml. chloroform  and 5 m l. a c e tic  
a c id ) , and th e  l ib e r a te d  io d ine  was t i t r a t e d  w ith  O.IO7 N sodium th io s u l-  
f a te  s o lu tio n . D eterm inations on a b lan k  showed no ap p rec iab le  decomposi­
t io n  o f  th e  p e ra c id . The r e s u l t s  of th e  experim ent, ta b u la te d  below, 
in d ic a ted  th e  presence o f  two o le f in ic  bonds.
Time ( h r s . ) 0 .2  1 .0  h .3  25
ïïagSgOs (m l.)  2.65  2 .5 1  2.35  2.16
Moles o f  Ph-COgH
per mole o f  se sq u i­
te rp en e  1 .70  1 .84 1 .9 7  2.16
(•f)-Cadinene D ihydrochloride from P lexaura C rassa O il . —î^drogen 
ch lo rid e  was passed  in to  12 m l. o f  an ic e -c o ld  e th e r  so lu tio n  o f  the  o i l  
( 0.607  g. ) f o r  one hour. Evaporation o f  th e  so lv en t a ffo rd ed  a  m ixture 
o f l iq u id  and c ry s te il l in e  m a te r ia l which was f i l t e r e d .  A few re p e t i t io n s  
o f hydrogen c h lo rid e  trea tm en t o f successive  f i l t r a t e s  gave 0 .12  g. (l4^ÿ) 
o f crude (+ )-cadinene di hyd roch lo ride , which a f t e r  s e v e ra l r e c r y s t a l l i z a ­
t io n s  from pen tane , m elted a t  117-118°, and showed [oc]31 + ^6° (c  0.75, 
chloroform ). A second p re p a ra tio n  le d  t o  a  d ihydroch lo ride  w ith  the  same 
m elting  p o in t and + 44 .6° (c 1 .01 , e th y l a c e ta te ) .  The in fra re d
spectrum (KBr) o f th e  (+ )-cadinene d e riv a tiv e  was id e n tic a l, w ith  th a t o f 
au th en tic  ( - )-c ad in e n e  d ihydroch lo ride  o b ta in ed  from cade o i l .  The 
re p o rted  m e ltin g  p o in t fo r  a  (+ )-cadinene d ihydroch lo ride  i s  118- 119° (7 ) .
Anal. Calcd. f o r  Oi^Eg^Clg: C, 64.97; E, 9 .45; C l, 25 . 58 .
Found: C, 64.85; H, 9 .47; 01, 25.75.
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( - ) -Cadinene D lhydrochlorlds from Cade O il . —( - ) -Cadinene d ihy- 
d ro ch lo rid e , o b ta in ed  by  th e  method o f  Campbell and S o ffe r  (1 5 ) , from 
th e  (- )-c a d in e n e  o f cade o i l  m elted  a t  118-119°  and showed -36 .9°
(c 0 . 298, chloroform ) and - 39 . 2° (c 0 . 995, e th y l a c e ta te ) .
R eported v a lues fo r  th e  d ihydroch lo ride  a re  m.p. 117-110° and 
- 36. 9°  (c  3-10, chloroform ) ( 1 6 ).
(t)-C ad lnene  D ihydroch loride . —A m ixture o f th e  d ihydroch lo rides 
o f (+ )-cad inene (2 0 .2  mg.) from P lexaura c ra ssa  and (- )-c a d in e n e  (1 9 .9  mg.) 
from cade o i l  in  4 m l. o f  e th y l  a c e ta te  so lu tio n  was cooled slow ly in  a  
dry  ic e  b a th . Removal o f  th e  m other liq u o r  l e f t  10.8 mg. (46 .9$ ) o f  ( Î ) -  
cadinene d ih y d ro ch lo rid e  which m elted  a t  105 . 5 -106 . 5°  and was o p t ic a l ly  
in a c tiv e  0 .00  Î  0 .0 2 ° ) . These p ro p e r tie s  were unchanged by
r e c r y s ta l l ig a t io n  from e th y l a c e ta te .  The o p t ic a l ly  in a c tiv e  d ihydro­
ch lo rid e  has been re p o rte d  t o  m elt a t  105.5-106.5° (7 ) .
Dehydrogenatlon o f P lex au ra  Crassa O i l . —Cadinene (1 .5 8  g. ) mixed 
w ith  3 g. o f  powdered selenium  under a  n itro g en  atmosphere was hea ted  a t  
205° (b a th  tem pera tu re) fo r  20 hours. Chromatography o f  th e  re a c tio n  
product over n e u tra l  alum ina in  hexane gave 0 .64  g. o f  combined cadalene 
f r a c t io n s  which were d is tin g u ish e d  by th e i r  in f ra re d  ab so rp tio n  sp ec tra  
( 17 ). Form ation o f crude cadalene p ic ra te  in  92$ y ie ld  from p a r t  o f  th e  
m a te r ia l re p re se n te d  a  38$ y ie ld  o f  cadalene fo r  th e  dehydrogenation 
re a c tio n . A fte r r e c r y s t a l l i z a t io n  from aQ.cohol, th e  cadalene p ic r a te  
m elted  a t  114-115°. The re p o rte d  m elting  p o in t i s  115° (1 8 ). The t r i ­
n itrobenzene adduct o f  th e  a rene  m elted  a t  110.5-111°. The reco rded  
m eltin g  p o in t i s  112-113° (19)* The m elting  p o in ts  o f  th e  d e r iv a tiv e s  
were n o t depressed  by  adm ixture o f  au th en tic  specimens p rep ared  from
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cadalene from cade o i l .
I d e n t i f i c a t io n  o f  P a lm itic  Acid. —A fte r  removal o f  th e  s e s q u ite r ­
pene f r a c t io n , a  second Rota-Film  f la s h  d i s t i l l a t i o n  to  113° a t  0 .25-0 .35  
mm. o f th e  co ld  pentane e x tra c t  o f  P lexaura c ra s s a  a ffo rd ed  4 l . l 3  g. o f 
yellow  •waxy s o l id .  The crude d i s t i l l a t e  had a  n e u tra l  eq u iv a len t o f  4-95 
(^35 .8  mg. re q u ire d  2 .8 1  ml. o f  O.3134  N a lc o h o lic  sodium hydroxide). 
Repeated r e c r y s t a l l i z a t io n  from hexane gave an a c id  which showed a 
n e u tra l  eq u iv a len t o f 25^ (252 mg. re q u ire d  3 .1 7  m l. o f  0 . 313k N sodium 
hydrox ide). The c a lc u la te d  value  fo r  CR2(OSg)2 î OOOE i s  256.4. The 
in f r a r e d  spectrum  o f th e  p u r i f ie d  conqpound showed c h a r a c te r is t ic  hands 
a t  7 . 87, 8 .01, 8 . 15, 8 .3 0  and 8 .43  1/ (8 ) ; and was id e n t ic a l  in  every  
re sp e c t w ith  th a t  o f  p a lm itic  a c id . I t s  m eltin g  p o in t and m ixture m e lt­
in g  p o in t w ith  a u th e n tic  p a lm itic  a c id  (Eastman) was 63-64°. The rep o rted  
m eltin g  p o in t i s  63° (8 ) .
P ro p e r tie s  o f C rass in  A ce ta te .- -C ra s s in  a c e ta te  was ob ta ined  in  
0 . 65# y ie ld  by prolonged Soxhlet e x tra c tio n  o f th e  re s id u a l co rtex  m a te r ia l 
w ith  ho t pentane. Darker b a tch es  o f  th e  compound were d eco lo rized  w ith  
a c t iv a te d  charcoa l in  e th an o l. R e c ry s te l l iz a t io n  from e th an o l-w ate r gave 
n eed les  which m elted  a t  l42-l44°, gave a  s in g le  peak on gas phase 
chromatography, had an o p t ic a l  r o ta t io n  o f [oc]^  ̂ +70.7° (c 4.0, e th an o l) , 
showed only  end a b so rp tio n  in  th e  u l t r a v io le t  re g io n  (e th a n o l) , and 
e x h ib ite d  in f r a r e d  ab so rp tio n  peaks (CHCl^) a t  2.78, 3 . 32, 3.4o, 5.77,
6 . 15 , 6 . 80 , 7.24, 7.35  V, 7.65  w, 8 .01 , 8.46, 8 .99 , 9 . 13 , 9 . 72 , 10.23 w, 
10.48, 11 . 25, 11 . 72, 12.04 and 12 . 3 0 ,4  . Attempts to  form th e  a c e ta te , 
phenylurethane and to s y la te  d e r iv a tiv e s  f a i le d .
Ill-
Anal. Calcd. f o r  Cg^H^QO^; C, 69 . 58 ; H, 8 . 3k; 0, 22.07.
Found: C, 69 .91 ; E, 8.1A; 0, 21.71.
O ther san ç le s  p u r i f ie d  "by Dr. Leon S. C iereszko ( 9 ) in  va rio u s  
ways showed re sp e c tiv e  carhon and hydrogen con ten ts  as  fo llow s: sublimed,
69 . 73, 8 . 33 ; r a c r y s ta l l i z a d  from e th e r , 70 . 11, 8 . 3I ;  and r e c r y s ta l l i z e d  
from carbon te tra c h lo rid e -h e x a n e , 70 . 8 . 66 .
A d d itiona l a n a ly t ic a l  d a ta  on c ra s s in  a c e ta te  i s  summarized in
Table I .
From 20 g. o f  th e  acetone e x tra c t o f  zooxanthellae  i s o la te d  from 
P lexaura c ra ssa , C iereszko ( 9 ) has re c e n tly  ob ta ined  h + g. o f  c ra ss in  
a c e ta te  which was id e n t i f ie d  by i t s  in f r a r e d  spectrum and by m elting  
p o in t and mixed m e ltin g  p o in t w ith  a  sample o f th e  m a te r ia l d esc rib ed  
above.
Q u a n tita tiv e  P e ra c id  D eterm ination o f  U n sa tu ra tio n  o f  C rassin  
A ceta te . —A s o lu tio n  o f  c ra s s in  a c e ta te  ( 32 8 .3  mg.) in  75 ml. o f 0.24^5 
K perbenzoic a c id  in  chloroform  was p repared  and t r e a te d  by th e  procedure 
described  above fo r  th e  P lexaura  c ra ssa  o i l .  L ib era ted  io d in e  was t i t r a t e d  
w ith  0 .107  N sodium th io s u l f a te  so lu tio n . R esu lts  in d ic a te d  th e  presence 
o f  two o le f in ic  bonds as  ta b u la te d  below.
Time ( h r s . )  O.3  1 .0  5 . I  2̂ -
NagSgOg (m l.) 3-98 3-87 3.72 3-66
Moles o f  Ph-COgE
p e r mole of c ra s s in
a c e ta te  I .30  I .55  1.88  2 .02
Formaldehyde from Ozonolysis o f C rass in  A ce ta te . —C rassin  a c e ta te  
(0.435  g. ) in  g la c ia l  a c e t ic  a c id  (25 m l.) was t r e a te d  w ith  a  stream  o f
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TABLE I
ANALYTICAL DATA ON CRASSIN ACETATE















1 1 . 76* 






Hydrogen Weight oxyl 
0 .14.3** 3I4.3*** 0 . 00**
339**
0 .2 7 6 362
♦Analyses by Miss Nancy Meehan o f  th i s  lab o ra to ry .
♦♦Analyses by  A. B em h art, M icroanaly tica l L ab o ra to rie s , Mulheim (Ruhr) 
Germany. The m olecular v e ig h t determ ination  by th e  Hast- method.
***Molecular w e i ^ t  de term ination , cryoscopic in  benzene, by P ro fesso r 
A. J .  Weinheimer.
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ozone ( 8$) in  oxygen a t  a  r a te  o f  flow o f  105 cc. p e r minute fo r  36 
m inutes. The s o lu tio n  was d i lu te d  w ith  50 m l. o f w ater, 2 g. zinc d u s t 
added, and th e  m ixture  was allowed to  s tan d  22 hours. Steam d i s t i l l a t i o n  
in to  an aqueous dimedon so lu tio n  follow ed by adjustm ent o f th e  pH to  5-6 
( 20) a ffo rd ed  th e  dimedon d e riv a tiv e  o f formaldehyde (0 . l h 5 g . ,  h i . 6^ ) .
The d e r iv a tiv e  a lone and mixed w ith  an a u th e n tic  specimen m elted a t 
190 . 5-191° .  The re p o rte d  m elting  p o in t i s  1 9 1 -1 9 1 .5 °(2 l).
A cetic  Acid from S aponified  C rassin  A c e ta te . —C rassin  a c e ta te  
( 2 .00  g. ) was re flu x e d  1 I /2  hours w ith  an aqueous m ethanolic so lu tio n  
o f potassium  hydroxide prepared  from O.96  g . o f  potassium  hydroxide, 20 
ml. o f m ethanol and 6 ml. o f w ater. A fte r s tan d in g  overn igh t, methanol 
was removed by  co n cen tra tin g  th e  m ixture on a  steam b a th . Addition o f  
3 ml. o f  w a ter fo llow ed  by  a c id i f ic a t io n  w ith  s u lfu r ic  a c id  gave a ta ck y  
s o lid . The aqueous so lu tio n  was decanted, and th e  s o l id  was washed w ith  
th re e  5 ml. p o r tio n s  o f  w ater. Steam d i s t i l l a t i o n  o f th e  combined w ater 
so lu tio n s , fo llow ed  by n e u tra l iz a t io n  o f th e  d i s t i l l a t e  w ith  d i lu te  
potassium  hydroxide and concen tra tion  on a  h o t p la te ,  gave a  s a l t  which 
was converted  in to  crude g-phenylazophenacyl a c e ta te  ( l . h 3 g. ) in  91# 
y ie ld . The d e r iv a t iv e , r e  c ry s ta l l iz e d  from a lco h o l, m elted  a t  125-127® 
as re p o rte d  ( 22 ) , and th e  m elting p o in t was n o t depressed  -vdien th e  com­
pound was mixed w ith  an au th en tic  specimen. Paper chromatography by 
th e  procedure o f  Kepner and co-workers ( 22) showed only  g-phenylazophenacyl 
a c e ta te  to  be p re se n t.
Duclaux va lu es  (found: 6 . 8 , 7 . I ,  7 .2 ;  re p o rte d : 6 . 8 , 7 . I ,  J. h)
( 23) o f th e  steam  d i s t i l l a t e  of another sample o f c ra s s in  a c e ta te  in d i ­
ca ted  th e  p resence  o f  a c e t ic  ac id .
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Lithium Alvnnlnum Hydride Beductlon o f  C rass in  A ce ta te . —A 
so lu tio n  o f 3-00 g. o f  c ra s s in  a c e ta te  In  175 ml. o f d ry  e th e r  was 
added to  a  s t i r r e d  suspension of 2.5 g. o f  li th iu m  aluminum hydride In 
60 ml. o f e th e r . The m ixture was s t i r r e d  two hours and l e t  s tan d  over­
n ig h t. DeconqpoBltlon o f  excess li th iu m  aluminum hydride  w ith  methanol 
follow ed hy an excess o f  w ater gave a  w hite sludge which remained In  th e  
w ater la y e r .  The m ix ture  was decanted and th e  aqueous p o rtio n  was ex­
tr a c te d  w ith  e th e r . A fte r dry ing  over sodium s u l f a te ,  th e  combined 
e th e r  so lu tio n s  a ffo rd e d  2.46 g. o f  w hite amorphous s o l id .  T his weight 
o f product corresponded to  91 . y ie ld  based  on a  m olecular w e l ^ t  o f 
324 ob ta ined  from th e  form ula C]^^22®4 vhlch  would r e s u l t  from a lo s s  of 
an a c e ty l group and conversion  o f a lac to n e  In to  two hydroxyl groups.
C a ta ly tic  H ydrogenation o f  th e  Lithium Aluminum Hydride Reduction 
Product o f  C rassin  A ce ta te . —The amorphous s o l id  (208.1  mg.) In  g la c ia l  
a c e tic  a c id  was reduced w ith  hydrogen a t  atm ospheric p re ssu re  In  the  
presence o f  0 .2  g. o f  Adams c a ta ly s t .  A bsorption o f 32 ml. o f  hydrogen 
( 25°, T40 mm.) In  1 l / 4  hours In d ic a ted  th e  p resence o f  I .98  red u c ib le  
bonds p e r mole.
Dehydrogenatlon o f C rass in  A cetate  and th e  Lithium  Aluminum 
Sydrlde Product o f C rass in  A c e ta te .- -C ra s s in  a c e ta te  (0 .5  g. ) mixed w ith  
2 g. o f powdered selenium  In  a  sea led  tube  was h ea ted  a t  263°  fo r  12 hours. 
The iso -o c tan e  e x tra c t  showed an ab so rp tio n  maximum a t  256 m/v In  th e  
u l t r a v io le t  reg ion .
The lith iu m  aluminum hydride  red u c tio n  product o f  c ra s s in  a ce ta te  
(0 .5  g . ) and 2 g. o f  selenium  h ea ted  a t  280°  f o r  24 hours gave O.30  g. 
o f o i l  which p a r t i a l l y  s o l id i f i e d  upon a d d itio n  o f hexane. Chromatog­
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raphy o f  th e  re a c t io n  product over Magnesol (Westvaco C h lo r-A lka li 
D iv ision  o f th e  Food Machinery and Chemical C orporation) in  hexane 
a ffo rd ed  0.06 g . o f  l iq u id  "which showed an u l t r a v io le t  ab so rp tio n  maxi­
mum a t  258 m/( in  iso -o c tan e , and fa ile d  to  form a  p ic ra te .  E lu tio n  w ith  
benzene gave a brown v iscous o i l  (O.16 g . ) which showed a  doublet in  th e  
carbonyl reg ion  o f  th e  in f r a r e d  spectnm .
O il from P te ro g o rg ia  Americana. —An o i l  o b ta in ed  by vacuum d is ­
t i l l a t i o n  o f th e  pentane e x tra c t  o f P terogorg ia  am ericana by Dr. Leon S. 
C iereszko showed on ly  end ab so rp tio n  in th e  u l t r a v io le t  reg ion  in  
e th an o l.
Q u a n tita tiv e  P e rac id  Determ ination o f  U nsa tu ration  o f th e  O il 
from P te ro g o rg ia  Americana. —A so lu tion  o f  th e  o i l  ( 386 .4  mg. ) in  75 ml. 
o f 0.1980  N perbenzoic a c id  in  chloroform was p repared  suad t r e a te d  by 
th e  procedure d esc rib ed  above fo r  th e  Plexaura c ra ssa  o i l .  L ib era ted  
iod ine "was t i t r a t e d  w ith  0.0997 N sodium th io s u lf a te  so lu tio n . R esu lts  
in d ic a te d  th e  p resence o f 1 .6  double bonds a s  ta b u la te d  below. Calcu­
la t io n s  "were based  on th e  o i l  be ing  a d ic y c lic  d io le f in ic  sesq u ite rp en e  
which was re c e n tly  suggested by Ciereszko and Attaway ( 9 ) on th e  b a s is  
o f  o b ta in in g  a  m olecu lar "weight o f 204 by mass s p e c tra l  a n a ly s is  o f  a 
p u r if ie d  sample o f  th e  o i l .
Time (h rs . ) 1 .0  11.0 35 79
HagSgO^ (m l.)  3.06  2.68 2.46 2.34
Moles o f  Ph-COgS 
p e r mole o f  s e s ­
qu ite rpene  o i l  0 .9 0  1.28 1 .49  1 .61
P ro p e r tie s  o f  th e  S o lid  from X iphigorgia Anceps. —A c ry s ta l l in e
s o lid  was ob ta ined  by continuous pentane e x tra c tio n  o f  th e  co rtex  o f
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X lpjalgorgia anceps and p u r if ie d  by chiomatography over alumina in  
chloroform  by Dr. Leon S. C iereszko. The s o l id  m elted  a t  93-9^°> had 
+ 13*2°  (c 2 . 8 , chloroform ), showed on ly  end ab so rp tio n  in  th e  
u l t r a v io le t  reg io n  ( in  a lco h o l) and c h a r a c te r is t ic  in f r a r e d  abso rp tion  
bands (CHCI3 ) a t  3.45, 3.53, 5.72, 6 .07  v, 6 . 88 , 7 .29 w, 7.57, 9-35,
8 . 97, 9 . 26, 9-75, 10.54  w, 11.25  w, and 1 1 .6 5 // .
A nal. Calcd. fo r  022532^4 : 73-30; H, 8 .95 ; 0, 17.75; SE, 18O;
MW, 360 . Found: C, 73-04, 73-28; H, 9 . 60, 9 .43; 0, 17-45; SE, 177; MW,
367; C-Me, 2 .
Another sangle obtained  by C iereszko showed carbon and hydrogen 
co n ten ts  o f  73-13  and 9-20  re sp e c tiv e ly .
S ap o n ifica tio n  of th e  S o lid  from X iphigorgla  Anceps ( 9 ) . —From 
70 mg. o f  th e  s o l id  C iereszko ob ta ined  60 mg. o f  an a c id  irtiich m elted  
a t  125-127® as th e  only iso la b le  product upon s a p o n if ic a tio n .
A nal. Calcd. fo r  022 5̂350^: C, 66.64; H, 9-15- Found: C, 66.53;
H, 9 -63 .
C a ta ly tic  Hydrogenation o f th e  S o lid  from X iphigorg la  Anceps. — 
The s o l id  (349-9 mg. ) in  32 ml. o f e th y l  a c e ta te  was reduced w ith  hydro­
gen a t  atm ospheric p ressu re  In  th e  presence o f 0 .3  g. o f  Adams c a ta ly s t .  
Absorption o f  54.8 ml. o f hydrogen (27®, 737 mm. ) in d ic a te d  th e  presence 
o f 1 .8  re d u c ib le  bonds. Although th e  re a c tio n  appeared to  be conglete  
in  4 m inutes, hydrogenation cond itions were m ain tained  2 l / 4  hours.
F i l t r a t i o n  gave a la rg e  amount o f  th e  more in so lu b le  red u c tio n  
product mixed w ith  c a ta ly s t .  E x trac tio n  o f th e  re s id u e  w ith  ho t e th y l
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a c e ta te  a ffo rd ed  97-9 mg. o f  m a te r ia l which m elted  a t  138- 139° . The 
m e ltin g  p o in t was unchanged a f t e r  r e c r y s ta l l i z a t io n  from e th y l a c e ta te .
Anal. C alcd. fo r  OggEg^O^: C, 72.^9; H, 9 . 96 . Found: C, 72.55;
ÏÏ, 10 . 07 .
C oncen tra tion  o f th e  f i l t r a t e  on a  steam h a th  gave 139 .8  mg. o f 
s o l id  which m elted  a t  107-110°. A fter s ev e ra l r e c r y s ta l l i z a t io n s  from 
(s-:^hyl a c e ta te , a  co n stan t m elting  p o in t o f  113-114° was ob ta ined .
Anal. Calcd. fo r  ^ 2^ 36% '  72.1^9; H, 9-96; 0, 1 7 . 56 .
Found; C, 71.81; H, 10.05; 0, 18 . 19 .
Lithium Aluminum Hydride Reduction o f th e  S o lid  from X iid iigorg ia 
Anceps. —The s o l id  (O.34  g. ) was reduced w ith  0 .5  g . o f  l i th iu m  
aluminum hydride hy  th e  procedure described  above f o r  c ra s s in  a c e ta te .  
Recovered re d u c tio n  product amounted to  O.3O g. o f  l ig h t  brown o i l .
Attempted Dehydrogenation o f th e  Lithium Aluminum Hydride Reduc­
t io n  Product o f  th e  S o lid  from X iphigorgla Anceps. —The lith iu m  aluminum 
hydride  red u c tio n  product o f  th e  s o lid  from X iph igorg la  anceps (0 .2  g. ) 
was h ea ted  w ith  0 .5  g . o f s u lfu r  a t  185°  fo r  9 hours in  a  sea le d  tu b e . 
Only u l t r a v io le t  ab so rp tio n  due to  s u lfu r  (lO) was observed fo r  th e  
chloroform  and m ethanol e x tra c ts  o f th e  re a c tio n  m ix tu re .
SUMMARY
A sesqu iterpene  o i l  co n ta in in g  a (+ )-cad inene as th e  p r in c ip a l  
component, p a lm itic  a c id  and a  Cg^ te rp e n o id  la c to n e  have been is o la te d  
from th e  l i p i d  m a te ria l o f  th e  gorgonian P lezau ra  c ra s s a .
P re lim inary  chemical c h a ra c te r iz a tio n  o f  an o i l  from P te ro g o rg ia  
am ericana and a  so lid  from X iph igo rg la  anceps has been in i t i a t e d .
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PART I I
STEREOCHEMISTRY OF THE WITTIG REARRANGEMENT 
INTRODUCTION
Many benzyl e th e rs , and e th e rs  which have s im ila r ly  a c tiv a te d  
hydrogen atoms may be rearranged  to  a lco h o ls  by s tro n g  bases such as 
pheny llith ium  ( l )  or potassium  amide (2 ) . Dibenzyl e th e r  has been con­








course b • Ph-CHO + Ph-CH2
This W ittig  rearrangem ent presumably involves removal o f an 
o4-hydrogen o f a benzyl group g iv in g  a carbanion which rea rran g es  to  the 
the a lco h o la te  io n .
Benzyl e th e rs  th a t  have been rearranged  include a l l y l  (2 ) , £ - 
b u ty l ( 2 , 3 ) and methyl ( l ) .  E thers  w ith  groups such as ^-cyanobenzyl 
(^ ) , oÇ-methylbenzyl ( 5 ), benzhydryl (3 , 6, 7, 8 ) f lu o ren y l ( k , 9 ) ,  desy l 
( 10) , and oC- and jT -pyridyl ( l l , 1 2 ) have a lso  been s tu d ied .
2k
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The re a c tio n  has been applied  to  the sy n th es is  of phenanthrene 
(13 , l4 )  by rearrangem ent o f diphenan to  9 , 10-d ihydro -9 -phenanthro l 






The rearrangem ent i s  o ften  accompanied and o ccas io n a lly  superseded 
hy an independent e lim in a tio n  re a c tio n  lead ing  to  cleavage of the  e th e r  as 
sho\m in  course h . This cleavage has heen examined hy Cram, Kingsbury, 
and Langemann (15 ) .
The conversion o f  benzyl e th y l e th e r to  benzyl a lcoho l and e th y l­
ene hy propylsodium ( 7 ) and potassium  amide ( 2 ) is  an example o f s t i l l  
another type of y^-elim ination occasio n ally  encountered in  attem pted r e ­
arrangem ents o f some e th e r s .
The rearrangem ent has re c en tly  heen e ffe c te d  w ith  c e r ta in  t e r t i ­
a ry  amines ( l6 ,1 7 )  as w ell as w ith e th e rs . This i s  i l l u s t r a t e d  in  the 
equation  below hy th e  rearrangem ent o f N -henzyl-N -phenacylaniline to  
an ilin o p h en eth y l phenyl ketone hy potassium hydroxide a t  150°  and hy 






KOH, 150°  
or fuse 





The c lo se ly  r e la te d  Stevens rearrangem ent of qu a te rn ary  ammonium 
and sulfonium  s a l t s  has been extended to  include the  corresponding arson­
ium and stibonium  compounds ( l 8 ). Typical examples a re  given in  the f o l ­























Each of th ese  cases of base ca ta ly zed  1 ,2 - s h i f ts  r e s u l t s  in  the 
replacem ent o f an a c tiv e  hydrogen in  th e  benzyl (o r s im ila r )  group by 








(A = 0 , N, S+, As+, Sb+)
The 1 ,2 - s h i f ts  o f quaternary  ammonium s a l t s  have been studied  
more thoroughly  w ith  re sp e c t to  mechanism than  those o f o th e r types o f 
compounds. Rearrangements of a m ixture o f quaternary  ammonium s a l t s
27
f i r s t  e s ta b lish e d  the  in tram o lecu lar nature  o f the  re a c tio n  ( 19 ). The 
in d iv id u a l s a l t s  rearranged  a t  comparable r a te s .  In the  m ixture, each 
was found to  rearrange  independently  w ithout in terchange of m igrating 
groups.
This in tram o lecu lar in te rp re ta t io n  was supported (20) by the 
rearrangem ent o f o p t ic a l ly  a c tiv e  ^-m ethylbenzylphenacyldim ethyl- 
ammonium bromide ( l )  w ith alm ost complete re te n tio n  of o p tic a l  a c t iv i ty  
in  the asymmetric cen te r (C*).
H 9
Ph-C*-Me Ph-C*-Me
.  L  IPh-C-CHg'MMeg -------------------> Ph-C-CH-WMeg
0 + 0
An in te rn a l  n u c leo p h ilic  displacem ent mechanism was suggested 
by k in e tic  s tu d ie s  of th e  rearrangem ent. Thus, Thomson and Stevens (21; 
found the rearrangem ent to  be a unim olecular re a c tio n  which exh ib ited  
a l im it  t o  in c rease  o f r a te  by base. The r e la t iv e  ra te s  of isom eriza­
t io n  of a s e r ie s  o f  ammonium s a l t s  s u b s ti tu te d  in  the para p o s itio n  of 





The order i s  c o n s is te n t with th a t  observed in  the  S^2 nucleo­
p h i l ic  d isplacem ents on the  corresponding benzyl h a lid e s  by b asic  ions 
(22 ) . I f  the  groups had m igrated as carbonium ions (S jjl) , the reverse 
o rder of ra te s  would have been expected on the  b a s is  o f the re la t iv e
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unim olecular ra te s  o f  h y d ro ly sis  o f the  corresponding benzyl h a lid e s , 
in so fa r  as they  have been determ ined (2 3 ). Moreover, m igration  o f an 
o p tic a l ly  a c tiv e  group as a carbonium ion  would be expected to  lead  
to  some racem iza tion .
In  the  rearrangem ent o f the  o p t ic a l ly  a c tiv e  quaternary  ammonium 
s a l t  d iscussed  above, no a ttem pt had been made to  r e la te  the  s p a t ia l  con­
f ig u ra tio n  o f the  o p tic a l  cen te r o f the product w ith th a t  o f the  s ta r t in g  
m a te r ia l. This re a c tio n  was re-exam ined (2h) and was shown to  proceed 
not only w ithout racem ization , b u t a lso  w ith  re te n tio n  o f co n fig u ra tio n  
o f the o p tic a l  c e n te r .
9 s
Ph-C*-Me Ph-C*-Me
Ph-C -C H -kieg -----------»  . Ph-C-CH-NMeg
0 +  0 
(E-C*) (D-C*) (D-C*)
This r e te n tio n  of c o n fig u ra tio n  o f the m igrating  group completed 
the evidence req u ired  to  dem onstrate th a t  the  re a c tio n  proceeded by an 
in tram olecu lar n u c leo p h ilic  d isplacem ent (S jji) mechanism as proposed (2 ) .
A vailab le  evidence does no t perm it estab lishm ent of a d e f in i te  
mechanism fo r the  1 , 2 - s h i f t  in  th e  e th e r -c a rb in o l rearrangem ent as was 
the case in  the  rearrangem ent o f qua tern ary  ammonium s a l t s .
I t  has been suggested (2 ) th a t  the  rearrangem ent probably proceeds 
by an in te rn a l  d isplacem ent (S jji) of th e  m ig ra ting  group by the carbanion 
as in  the Stevens rearrangem ent. Hauser and Kantor found th a t  the r e l a ­
t iv e  ease of rearrangem ent o f a s e r ie s  o f e th e rs  decreased in  the order 
benzyl, a l l y l > s - b u ty l^  neopen ty l, phenyl. This order i s  re la te d
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d i r e c t ly  to  the  re la t iv e  ease o f b im o lecu lar displacem ent o f  the 
corresponding h a lid e s  (Sjj2 ) by b a s ic  anions (22 ) , bu t a lso  to  th e i r  so lv - 
o ly t ic ,  or Sjjl, r e a c t iv i ty .
S ta b i l i ty  o f rearrangem ent p roducts to  re a c tio n  cond itions has 
dem onstrated th a t  cleavage of the e th e r s ,  mentioned e a r l i e r ,  i s  a s ide  
re a c tio n  competing with the  rearrangem ent. This was shown by subm itting  
the  rearrangem ent product o f d ibenzy l e th e r  to  the  cond itions o f the r e ­
arrangem ent (potassium  amide in  re f lu x in g  e th e r )  (2 ); the a lco h o l was 
recovered unchanged and none o f the cleavage products were is o la te d .  The 
cleavage fragm ents probably arose  from the i n i t i a l l y  formed e th e r  carban­
ion  in  an e lim in a tio n  re a c tio n  competing w ith  the  rearrangem ent.
CH2~Ph -#CH2-Ph
I . y
Ph-CHp-O  > Ph-CH-O
. y
Ph-CHO + CH2 -Ph — 2—> QHg-Ph
This s t a b i l i t y  o f iso m eriza tio n  product was a lso  dem onstrated 
in  s tu d ie s  o f the rearrangem ent o f £ -b u ty l benzyl e th e r  ( 25 ).
An a l te rn a te  mechanism considered ( l , 2 )  fo r  the  rearrangem ent 
was the p o ss ib le  recom bination o f th ese  cleavage fragm ents to  give the 
iso m eriza tio n  products.
CHp-Ph
I
Ph-CHO + CHp-Ph -------------> Ph-CH-O"
This p o s s ib i l i ty  was re je c te d  because the  use o f nhenyllith ium  
and b u ty llith iu m  as basic  c a ta ly s ts  d id  no t lead  to  form ation of iso la b le  
amounts o f the  benzaldehyde a d d itio n  p ro d u c ts . I f  benzaldehyde had been
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an in te rm ed ia te , benzhydrol and bu ty lpheny l c a rb in o l, re sp ec tiv e ly , 
should have been formed by re a c tio n  w ith th e  c a ta ly s ts .  However, 
Schollkopf (3) has re c e n tly  proposed th is  fragm enta tion  and recombina­
tio n  mechanism (d iscussed  below) on the b a s is  o f ex tensive  racem ization 
observed in  rearrangem ents of e th e rs  in  which the  m ig rating  group Is 
o p tic a l ly  a c tiv e  s_-butyl. The mechanism i s  com patible w ith  the absence 
of form ation o f  benzaldehyde a d d itio n  p roducts when the cleavage-recom­
b in a tio n  is  considered to  proceed e n t i r e ly  w ith in  a so lv en t envelope.
Rearrangement o f two e th e rs  co n ta in in g  th e  o p t ic a l ly  ac tive  
£ -b u ty l group has shown th a t  the  process does n o t occur by a purely 
Sjji type mechanism. Hauser and Kantor (25) rearranged  o p t ic a l ly  pure 
2 -bu ty l benzyl e th e r by re flu x in g  w ith potassium  amide in  e th e r  fo r one 
week. The p roduct, ^ -buty lphenyl c a rb in o l, was 75^ racemized; however, 
the  o p tic a l  form in  excess was the same as th a t  in  the  s ta r t in g  e th e r , 
which in d ic a te d  m igration  w ith considerab le  re te n t io n  o f configura tion . 
This is  in  the range o f  13 to  33^ re te n tio n  o f a c t i v i ty  observed by 
Schollkopf (3) upon rearrangem ent of the  same e th e r  w ith  b u ty llith iu m  




Ph-CHp-0 — -------------- > Ph-CH-OH
or LiBu
(l ) (L and D,L)
Racem ization was shown (3) n o t to  occur b e fo re  rearrangement by 
recovery o f o p tic a l ly  a c tiv e  s t a r t in g  m a te ria l a f t e r  p a r t i a l  re a c tio n .
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A lso, su b jec tin g  samples o f o p t ic a l ly  a c tiv e  product to  both re a c tio n  
and workup conditions showed th a t  racem ization  did  no t occur a f t e r  the 
rearrangem ent.
In  another in s tan ce , the  b u ty llith iu m  cata lyzed  rearrangem ent of 
o p tic a l ly  a c tiv e  s -b u ty l benzhydryl e th e r  gave the expected a lcoho l with 
only %  re te n tio n  o f o p tic a l  a c t i v i ty  (3 ).
On the b a s is  o f th i s  low degree o f r e te n tio n  of o p tic a l  a c t iv i ty ,  
Schollkopf has proposed a mechanism of cleavage of the carbanion to  an 
io n -p a ir  in term ed ia te  followed by recom bination o f the  fragments with 
bo th  re te n tio n  and in v ers io n  o f co n fig u ra tio n  of the  £ -b u ty l group. 
Because o f the  in a b i l i ty  o f th e  carbanion to  hold co n fig u ra tio n , th is  










with R eten tion
U Recombination w ith Inversion
The mechanism would appear to  be supported by the rea rran g e ­
ment (4) o f ( - ) - 9 -fluorenyl-<ÿ-m ethylbenzyl e th e r to  com pletely racemic 
9“ 2i.-n tethylbenzylfluoren-9-ol. The o p t ic a l ly  a c tiv e  e th e r was r e ­
arranged by heating  w ith sodium n-butoxide in  n-bu tano l a t  110° fo r  two 
hours and by re a c tio n  w ith phenyllith ium  a t  15° fo r  four m inutes. In  





NaOBu, l i e r  








The mechanism proposed hy Schollkopf does no t appear to  re p re ­
sen t the  predom inant ro u te  in  the rearrangem ent o f meso and d , l  b is  
(oÇ-methylhenzyl) e th e r s .  The in d iv id u a l e th e rs  have been shown to  r e ­
arrange w ithout form ation  o f an equ ilib riu m  m ixture which would be 
expected i f  the  re a c tio n  involves cleavage o f th e  anion to  an io n -p a ir  
in te rm ed ia te . Thus, Weinheimer (5 ) showed th a t  rearrangem ent of meso 
b is  ( oÇ-methylbenzyl) e th e r  gave e ry th ro  2 ,3 -d ipheny l-2 -butanol as the 
most re a d ily  is o la b le  p roduct, and th a t  the  d , l  e th e r  led  to  the th reo  
a lco h o l. The in d iv id u a l e th e rs  may n o t have been pure because the  s im i­
l a r i t y  o f th e i r  p h y s ica l p ro p e rtie s  hindered complete sep ara tio n  o f the 
sy n th e tic  d iaste reo m eric  m ixture. N evertheless, th e re  was a predominance 
o f s te r e o s p e c if ic i ty  in  th e  rearrangem ent o f each of the e th e rs .
In  a d d itio n  to  evidence in d ic a tin g  s te r e o s p e c if ic i ty ,  Weinheimer 
found an in v e rs io n  o f  co n fig u ra tio n  in  the rearrangem ents o f meso and d , l  
b is  ( oÇ-m ethylbenzyl) e th e r s .  The in v e rs io n  could have occurred in  e i th e r  
the m ig rating  group or the  ionized  carbon atom. The l a t t e r  in te r p r e ta ­
t io n  was p re fe rre d  on the  b a s is  of observed r e te n t io n  of co n fig u ra tio n  o f 
the  m ig rating  group in  the  Stevens rearrangem ent, and the p a r t i a l  r e te n ­
t io n  in  the  iso m eriza tio n  o f s -b u ty l benzyl e th e r  d iscussed  above.
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I f  th e re  had been no in v e rs io n , th e  meso e th e r  would be expected 
to  g iv e  a th reo  2g3-d iphenyl-2-bu tano l as shown in  the equation below. By 











meso th re e
(In  th ese  f ig u re s , the  bonds from th e  carbon a t  th e  top  a re  
d ire c te d  away from the  re a d e r, w hile those from th e  lower carbon a re  
d ire c te d  toward th e  re a d e r .)
Upon rearrangem ent, th e  meso e th e r  a c tu a l ly  gave e ry th ro  2 ,3 -  
d iphenyl-2butano l and th e  racem ic e th e r  gave th e  th reo  a lco h o l. An 




M es^ P h
I
Ph Me
M e ^ ^ P h
meso
OH
M e s / P h
D-L' e ry th ro
The mechanism proposed (5) to  account fo r  the observed p re ­
dominance of s te r e o s p e c if ic i ty  and in v e rs io n  o f co n fig u ra tio n  was a  con-
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c e r te d  p rocess o f in v e rs io n  of the  carbanion and rearrangem ent to  the  
a lco h o la te  ion .
The p re sen t work was undertaken to  t e s t  th is  p roposal by a study  
of the  rearrangem ent o f two o p tic a l ly  a c tiv e  e th e r s ,  benzyl-o(,-m ethyl- 
benzyl e th e r  and b is  ( oC-methylbenzyl) e th e r .
DISCUSSION
The e th e r  s e le c te d  fo r  study o f the stereochem ical r e s u l t  in  the 
m igrating  group in  the  W ittig  rearrangem ent was benzyl - oÇ-methylbenzyl 
e th e r . S e lec tio n  o f t h i s  compound was based on the premise th a t  a high 
degree o f s te r e o s p e c if ic i ty  might be observed in  the m igration  o f a 
benzy lic  group, which is  in h e re n tly  more su sc e p tib le  to  d isplacem ent 
rea c tio n s  than  are simple a lk y l groups. I t  was a lso  f e l t  th a t  th i s  
e th e r  would rearrange  re a d ily  even a t  low tem perature, and thus lend  i t ­
s e l f  to  a p ra c tic a b le  study o f the  e f f e c t  o f tem perature on the s te r e o ­
chem istry o f the  m igrating  group.
A W illiamson sy n th e s is , based on the re a c tio n  between benzyl 
ch lo rid e  and ^-m ethylbenzyloxide ion , was developed fo r  the  p rep a ra tio n  
o f the  e th e r . The method f in a l ly  se lec ted  employed the potassium  
alkoxide in  l iq u id  ammonia so lv en t, and led  to  e x c e lle n t y ie ld s  o f e th e r 
in  a re a c tio n  p eriod  o f only a few hours. Use of the sodium alkoxide 
under the same cond itions led  to  a s l ig h t ly  in f e r io r  y ie ld  o f e th e r , 
whereas in  e th e r  as the  re a c tio n  medium, a decided ly  poorer y ie ld  was 
obtained a f t e r  a re a c tio n  period  as long as twenty hours.
Me Me Me
Ph-C-OH Ph-C-OK ) Ph-C-0CH2Ph .
H "^3 A È
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Rearrangement o f  benzyl-o<-m ethylbenzyl e th e r  might be expected 
to  give e i th e r  a m ixture o f e ry th ro - and th re o - 1 , 2 -diphenylpropanols 
(course a ) ,  o r benzylm ethylphenyl ca rb in o l (course  b ) ,  or bo th , depending 
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From the  r e s u l ts  o f  e a r l i e r  s tu d ie s  (2 ,$ ) ,  in  which dibenzyl 
e th e r  was found to  rearrange  much more re a d ily  than  b is  ( oÇ-raethylbenzyl ) 
e th e r , i t  was expected th a t  rearrangem ent v ia  course a would be much 
f a s te r  than  th a t  proceeding v ia  course b . In  p ra c t ic e ,  i t  was found th a t 
the rearrangem ent proceeded smoothly in  a few hours in  l iq u id  ammonia and 
ex c lu s iv e ly  by course a . There was no evidence from the d i s t i l l a t i o n  
behavior o f th e  p roduct, i t s  in fra re d  spectrum , or o th e r p h y sica l p roper­
t i e s ,  o f the presence o f any of the t e r t i a r y  a lco h o l which would be p ro­
duced by course b . Since th is  a lcoho l was shown to  be s ta b le  to  the 
re a c tio n  co n d itio n s , the  p o s s ib i l i ty  of i t s  fo rm ation  and subsequent 
d e s tru c tio n  by a fragm en ta tion  re a c tio n  could a lso  be e lim ina ted .
The ease o f  rearrangem ent o f b en zy l- o(-m ethylbenzyl e th e r  in  
l iq u id  ammonia l i e s  between th a t  of d ibenzyl e th e r  (complete in  le s s  than 
one hour) and th a t  o f b is  ( oÇ-methy lbenzy l) e th e r  ( le s s  than re a c tio n  
a f te r  s ix  h o u rs ). This sequence suggests t h a t  the  r a te  of rearrangem ent
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depends upon the ease w ith  which base can a b s tra c t  a pro ton  from the 
re a c tin g  benzyl group.
O p tic a lly  a c tiv e  b en zy l-^ -m ethy lbenzy l e th e r  was prepared from 
a c tiv e  g^-m ethylbenzyl a lco h o l using  the Williamson method developed 
fo r  the in a c tiv e  e th e r .  From a lcoho l o f  98»3^ o p t ic a l  p u r i ty , e th e r  
having a ro ta t io n  o f 80 .3° was ob ta ined . I t  was a n tic ip a te d  th a t  the 
e th e r  would have a lower o p tic a l  p u r i ty  than the s t a r t in g  a lco h o l, since 
i t s  alkoxide s a l t ,  an in te rm ed ia te  in  the  e th er sy n th e s is , has been 
shown by Doering (26) to  undergo ra th e r  extensive racem ization  in  the 
presence o f a i r .  This o p tic a l  in s t a b i l i t y  i s  ap p aren tly  due to  the 
p a r t ic ip a t io n  of the  a lkoxide in  the Meerwein, Ponndorf-Oppenauer e q u i­
lib rium  w ith  tra c e  amounts o f acetophenone re s u l t in g  from a i r  o x id a tio n .
To determ ine the  e x te n t o f racem ization th a t  had occurred in  the 
p resen t sy n th e s is , th e  e th e r  was subm itted to  c a ta ly t ic  hydrogenolysis 
in  the  presence o f pa llad ium -charcoa l, fo r th e  purpose o f determ ining 
the  o p tic a l  p u r i ty  o f the  recovered ^-m ethy lbenzy l a lco h o l, which 
should be re p re se n ta tiv e  o f the o p tic a l  p u rity  o f th e  ^-m ethy lbenzy l 
group in  th e  e th e r .
Me Me
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In  each o f  two experim ents, the in fra red  spectrum  of the  recovered 
a lcohol showed a tra c e  o f  carbonyl absorp tion  a t  In  one case,
the  carbonyl contam inant was removed by reduction  w ith  li th iu m  aluminum 
hydride, g iv ing  a lco h o l o f 9^-1^ o p tic a l  p u rity . I f  th e  carbonyl absorp­
t io n  had been due to  acetophenone, the  ac tu a l o p tic a l p u r ity  o f the
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a lcoho l de riv ed  from the e th e r would have been s l ig h t ly  g re a te r  than  
9h . l^ ,  s ince  the red u c tio n  would produce some racemic a lco h o l. In  the 
o th e r case , removal o f the carbonyl contam inant using  G ira rd ’s "T" 
reagen t was a ttem pted , b u t the recovered a lcoho l s t i l l  showed a tra c e  
o f carbonyl ab so rp tio n . I t s  o p tic a l  p u r i ty  was 93*9 /̂ * On the b a s is  of 
9^.1^ o p tic a l  p u r i ty  in  the  recovered a lco h o l, and eq u iv a len t o p tic a l  
p u r i ty  in  e th e r  having a ro ta t io n  of 80 .3°, o p t ic a l ly  pure benzy l-o^- 
m ethylbenzyl e th e r  was ca lc u la te d  to  have a ro ta t io n  o f 8 $ .3 ° .
I t  m ight be noted th a t  no sp ec ia l p recau tions fo r  the  exclusion  
o f a i r  were taken  in  the  e th e r  sy n th es is , and th a t  the  le v e l  o f racem i­
z a tio n  observed was q u ite  low in  view of the e a r l i e r  experience of 
Doering, who used so lv en ts  o ther than ammonia. The more fav o rab le  o u t­
come in  th e  p re se n t study may be due to  a more or le s s  autom atic ex c lu ­
s io n  o f a i r  by th e  ra p id ly  evaporating ammonia, and to  the low tempera­
tu re  of re a c t io n .
Rearrangement o f the  o p tic a l ly  a c tiv e  e th e r  produced an a lcoho l 
f r a c t io n  showing a s ig n if ic a n t  degree o f o p tic a l  a c t iv i ty .  However, 
s ince  the product contained  a new asymmetric c en te r , and presumably was 
a m ixture o f d iastereom ers whose o p tic a l ro ta tio n s  a re  known (27 ) to  be 
d i f f e r e n t ,  i t  was Im possible to  evaluate  the stereochem ical change 
occurring  in  the  m igrating  (^-methylbenzyl group from the a lco h o ls  
d i r e c t ly .  A ccordingly, the  new asymmetric c en te r  was e lim in a ted  by 
chromic a c id  o x id a tio n  o f the alcohols to  the corresponding ketone, in  
which the lone c en te r  o f  asymmetry was th a t  p re sen t in  the  e th e r  i t s e l f .  
Since t h i s  o x id a tio n  had been shown p rev iously  (27) to  no t racem ize the 
r e s u l t in g  ketone, the  c o n fig u ra tio n  and o p tic a l  p u r ity  o f the  o i-m ethy l-
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"benzyl group in  th i s  compound could he compared w ith those o f the 
same group in  th e  s ta r t in g  e th e r . S ta r t in g  w ith D-(-r) e th e r  o f  
34 . 4^ o p tic a l  p u r i ty ,  rearrangem ent and ox ida tion  led  to  D-(+)-aC- 
methyl deoxybenzoin of 21.8% o p tic a l p u r ity . This corresponds to 
63% r e te n tio n  o f o p tic a l  p u r ity , and predominant re te n tio n  o f co n fig ­
u ra tio n  in  the  rearrangem ent s tep .
The above rearrangem ent was conducted in  liq u id  ammonia a t  i t s  
b o il in g  p o in t, -33°. The rearrangem ent was a lso  conducted in  liq u id  
ammonia m aintained a t  -60°, and in  d ie th y l e th e r  a t  i t s  re f lu x  tempera­
tu re ,  35°. The stereochem ical r e s u l t  in  the  low tem perature run was 
p r a c t ic a l ly  id e n t ic a l  w ith th a t  in  b o ilin g  ammonia, e th e r  o f  32.2% 
o p tic a l  p u r i ty  le ad in g , a f t e r  ox idation  o f the  a lco h o l, to  oÇ-methyldeoxy- 
benzoin o f 21.3% o p tic a l  p u r ity . Thus, 64% of thé  o p tic a l a c t i v i t y  was 
re ta in e d , w ith  predom inant re te n tio n  o f co n fig u ra tio n  in  the  m igrating  
group. In  e th e r  a t  the h igher tem perature, predominant re te n tio n  of 
co n fig u ra tio n  was again observed, b u t the degree of re te n tio n  of o p t ic a l  
a c t i v i ty  was 70%.
The r e la t iv e ly  h igh  degree of re te n tio n  of co n fig u ra tio n  o f  the 
m igrating  group in  these rearrangem ents suggests th a t  the re a c tio n  may 
occur a t  l e a s t  p a r t ly  by an in tram olecu lar Sjgi mechanism, and not ex c lu ­
s iv e ly  by the  io n -p a ir  mechanism as proposed by Schollkopf (3). However 
the  racemized p o r tio n  of the product may w ell have been formed by the
uo
mechanism he suggested . A dd itional evidence h e a rin g  on the p o ssib le  
o p era tion  o f both  mechanisms was obtained in  the rearrangem ent of 
o p t ic a l ly  a c t iv e  b is  ( oc-m ethylbenzyl) e th e r .
The rearrangem ent of th is  e th e r  had been s tu d ied  p rev iously  by 
Weinheimer ($ ) , '■'"ho dem onstrated th a t  the sep a ra te  d , l  and meso m odifi­
ca tio n s  rearranged  predom inantly to  the th reo  and e ry th ro  forms of 2 ,3 - 
d iphenyl -2 -b u tan o l, re sp e c tiv e ly .
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The e th e r s ,  r a th e r  high b o il in g  l iq u id s  e x h ib it in g  very l i t t l e  
d iffe ren c e  in  b o ilin g  p o in t, were prepared by the  s u l f u r ic  ac id  cata lyzed  
dehydration  o f ^ -m ethy lbenzy l a lco h o l. As would be a n tic ip a te d  by the 
method o f sy n th e s is , th e  product was a m ixture o f the  two d iastereom eric  
forms, now shown to  be roughly 1:1 in  com position. Weinheimer separated  
the two d iastereom ers by extrem ely ted ious f r a c t io n a l  d i s t i l l a t i o n  of 
la rg e  q u a n t i t ie s  o f  the m ixture, f in a l ly  o b ta in in g  sm all p o rtio n s  o f both 
the low b o ilin g  form, n^5 1.5363, and the high b o i l in g  form, n^5 1,51+00.
In a l l  p ro b a b il i ty ,  even th ese  specimens were s t i l l  contam inated to  some 
e x ten t by th e  a l te rn a te  isom ers. The low b o ilin g  e th e r  was demonstrated 
to  be the d , l  m od ifica tio n  by the d i s t i l l a t i o n  behav io r o f  p a r t i a l ly  ac ­
t iv e  e th e r ,  which was prepared  from a c tiv e  ^ -m eth y lb en zy l a lco h o l, and 
which showed a steady  d ec lin e  in  o p tic a l  a c t i v i ty  o f successive  f ra c tio n s .
In  th e  p re sen t work, the stereochem ical r e s u l t  o f rearrangem ent 
of o p t ic a l ly  a c tiv e  b is  ( ^ -m eth y lb en zy l) e th e r  was in v e s t ig a te d . The
1+1
a c tiv e  e th e r  was p repared  as b e fo re , h u t no attem pt was made to  
sep a ra te  the m ixture o f isom ers so obtained . In s te a d , the re a rra n g e ­
ment was conducted w ith  th e  m ix tu re , the o p tic a l p u r i ty  and c o n fig u ra ­
t io n  of the  p roducts being  ev a lu a ted  a f te r  th e ir  s e p a ra tio n  and p u r i f i ­
c a tio n  by chromatography.
The c o n fig u ra tio n  o f the a c tiv e  e ther in  th e  s t a r t in g  m ixture 
was expected t o  be th e  same as th a t  of the  alcohol from which i t  was 
sy n th esized . This ex p ec ta tio n  was confirmed by th e  fo llow ing  hydrogenol­
y s is  experim ent, which a ls o  provided da ta  for c a lc u la tio n  of the o p tic a l  
p u r i ty  o f the a c tiv e  e th e r  p re sen t in  the  m ixture.
The p a r t i a l l y  a c tiv e  e th e r  employed in t h i s  hydrogenolysis was 
prepared from $6 .6$ o p t ic a l ly  pure ( - ) -i^-m ethylbenzyl a lco h o l, and 
e x h ib ited  -20.22 and 1.538I+, Hydrogenolysis o f th i s  e th e r  was 
in te rru p te d  a t  50^ com pletion, the unreacted e th e r  then e x h ib it in g  
-26 ,'Jk and 1,5373. The in creased  a c t iv i ty  of the  recovered e th e r  
was in te rp re te d  as th e  r e s u l t  o f f a s te r  hydrogenolysis and d e s tru c tio n  
of the  meso form, and was supported a lso  by the change in  r e f r a c t iv e  
index in  the  d i r e c t io n  expected on enrichment in  th e  d , l  e th e r .  The ( - ) -  
o^-methylbenzyl a lco h o l produced, in  the  hydrogenolysis had an o p tic a l  
p u r i ty  o f  4 . 5̂ ,  which rep re sen ted  th e  composite p u r i ty  of a c tiv e  a lcoho l 
derived  from a c tiv e  d , l  e th e r ,  and th e  n e ce ssa rily  in a c tiv e  a lco h o l 
derived  from meso e th e r .
A sample o f  in a c t iv e  e th e r  having n§5 1.5391 was shown in  a gas 
chrom atographic a n a ly s is  (co u rte sy  o f  the  Barber-Colman Company) to  be 
composed of 53^  o f one and o f th e  o th er e th e r . The major component 
was e lu te d  f i r s t ,  and was considered  to  be the d , l  isomer on the b a s is
1+2
th a t  th i s  isom er i s  the  lower b o ilin g  of the two. Using th i s  knowledge 
on the  co m p o sitio n -re frac tiv e  index r e la t io n s h ip , and the  r e s u l t s  o f the 
hydrogenolysis experim ent described  above, i t  was c a lc u la te d  (see l a s t  
se c tio n  o f Experim ental) th a t  th e  a c tiv e  e th e r  employed in  the  hydrogen­
o ly s is  was 11.2$ o p t ic a l ly  pure d , l  form, th a t  the r e f ra c tiv e  in d ice s  of 
pure d ^  and meso e th e rs  were n|5  1,5360 and n^5 1.5I+18, re s p e c tiv e ly , 
and th a t  o p t ic a l ly  pure e th e r  has a r o ta t io n  o f 307°.
The co n fig u ra tio n s  and ro ta t io n s  o f the  a lcoho ls  produced in  the  
rearrangem ent were e s ta b lish e d  by th e i r  p re p a ra tio n  from (+ )-h y d ra tro p ic  
ac id  v ia  (+)-m ethyldeoxybenzoin.
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From the  ro ta tio n s  o f th e  in d iv id u a l a lcoho ls  obtained  a f te r  chro­
matographic se p a ra tio n , the o p tic a l ly  pure th reo  and e ry th ro  forms were 
c a lc u la te d  to  have ro ta tio n s  o f - 47. 4°  and - 53.6°  (EtOH), re s p e c tiv e ly .
The c o n fig u ra tio n  o f the oC-methylbenzyl group in  th e  two ( - ) -  
a lco h o ls  i s  n e c e s sa r i ly  the same as th a t  in  (+ )-hydratrop ic  a c id . I t  
has a lso  been shown (15) th a t  th i s  group has id e n tic a l  c o n fig u ra tio n s  in  
(+ )-h y d ra tro p ic  ac id  and ( - ) -  c(,-m ethylbenzyl a lco h o l, frcsn which ( - ) - b i s  
( @^-methylbenzyl) e th e r  was p repared . The e th e r , in  tu rn , produced ( - ) -  
o^-methylbenzyl a lcoho l on hydrogenolysis, confirm ing the ex p ec ta tio n  th a t  
no c o n fig u ra tio n a l change occurred in  the  sy n th es is  o f the e th e r .
The rearrangem ent was conducted w ith  a sample o f mixed e th e rs
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having 28.83 anôL n^5 1.5388, and c a lc u la te d  to  con tain  d , l  e th e r
o f 18.2% o p t ic a l  p u r i ty .  The re s u lt in g  m ixture o f a lco h o ls  was separated 
by chromatography, and the ( 4 ) -th reo  isomer was found to  have re ta in ed  
74.2^ o f the  a c t i v i t y  o f the  s ta r t in g  e th e r .  Again, th e  oÇ-methylbenzyl 
group had m igrated predom inantly  w ith re te n tio n  o f c o n fig u ra tio n . Sur­
p r is in g ly , the e ry th ro  a lco h o l from th is  rearrangem ent d isp layed  o p tic a l  
a c t i v i ty  a t  a le v e l  o f 9 .7#  of th a t  of the  s ta r t in g  e th e r .  C learly , the 
a c tiv e  a lcoho l could not have a r is e n  from the meso e th e r ,  and must have 
been derived  from th e  d , l  form. I t  is  noteworthy th a t  th i s  isomer had 
a p o s itiv e  ro ta t io n ,  and thus the same co n fig u ra tio n  in  the  m igrating  
group as p re sen t in  the a c tiv e  s ta r t in g  e th e r .
The high degrees o f re te n tio n  o f c o n fig u ra tio n  observed in  the 
rearrangem ents of b e n z y loÇ-methy lbenzy l e th e r  and b is  ( ^ -m ethy lbenzy l) 
e th e r  appear, a t  f i r s t ,  to  support the Sjji in te r p r e ta t io n  of t h i s  re a c ­
t io n .  However, the form ation of o p tic a l ly  ac tiv e  e ry th ro -2, 3-d ipheny l- 
2 -bu tano l from the l a t t e r  e th e r  can be ra tio n a liz e d  b e s t  in  terms of 
the fragm entation-recom bination  mechanism, invo lv ing  re o r ie n ta t io n  of 
the  acetophenone fragm ent r e la t iv e  to the oC-methylbenzyl carbanion, 
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If the carbanion can m ain ta in  asymmetry during the  r e o r ie n ta t io n  of A to  
B, then  i t  should a ls o  be ab le  to  do so during th e  d i r e c t  recom bination
uu
involved in  the form ation o f the  (-f-)-threo a lco h o l. For th is  reason  
then , the  s in g le  p rocess of fragraentation-recom bination  i s  p re fe rre d  to  
the  dual course re q u ir in g  in  a d d itio n , the o p era tio n  o f the  Sjji mechan­
ism.
EXPERIMENTAL
A ll m elting  p o in ts  and b o ilin g  po in ts  a re  u n co rrec ted .
O p tica l ro ta t io n s  were obtained w ith a G aertner L -320 P o la rim ete r. 
The symbolo(j) r e f e r s  to  ro ta t io n s  o f neat samples in  a one decim eter tube . 
Alcohol r e f e r s  to  95^  e th an o l.
P rep a ra tio n  o f ( t ) -Benzyl-c»(-Methylbenzyl E ther in  E thy l E ther as 
S o lv en t. - -A m ixture o f O.5I mole (65 g. ) of benzyl ch lo rid e  and O.5 mole 
of sodium o4-m ethylbenzylate , prepared from 6 l g. o f o^-methylbenzyl a lc o ­
hol and 0 .5  mole of sodium amide (from 11.5 g. o f sodium ), in  300 ml. of 
dry e th y l  e th e r  was re flu x ed  g en tly  on a steam ba th  fo r  12 hours. A fte r 
adding an a d d itio n a l 29-5 g- o f  benzyl ch lo rid e , re f lu x  was continued fo r 
ano ther 22 hours. The e th e r  so lu tio n  was washed w ith w ater and d ried  
over sodium s u l f a te ,  so lv en t was removed and excess benzyl c h lo r id e , 30.48 
g ., b. p . 4-2 - 4-5°  a t  4.2 mm., was d i s t i l l e d  from the  m ix tu re . D i s t i l l a ­
t io n  o f the  res id u e  gave ( i )  fo rerun , 5.56 g . , b . p. to  55°  and O.9 mm.,
( i i )  2 .95 S ’ , ■b.p. 130-136° a t  5 .8  mm., n|5  1.5480, and ( i i i )  77-23 g .,  
b .p . 136° a t  5'4  mm., n^^ 1 . 54-92 . A viscous brown re s id u e  remained in  the 
p o t.
F rac tio n s  ( i i )  and ( i i i )  were combined and r e d i s t i l l e d  g iv ing  
( i ' )  1 .30  g . ,  b . p. 88-91 .5° a t  0 .5  mm., n^5 1 . 5464, ( i i ' )  4.21 g . ,  b . p. 
91-97° a t  0 .5  nun., ng5 l . $ 484, and ( i i i ' )  73-20 g . ,  b . p. 93-95°  a t  0.5 
mm., 1.5492. F ra c tio n  ( i i i ' )  rep re se n ts  69$ y ie ld  o f  b e n z y l-oÇ-methyl-
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■benzyl e th e r .
A nal. C alcd. fo r  C, 84 .8?; H, T-60 . Founds C, 8 5 .00;
H, 7.36.
P rep a ra tio n  of (1 ) -Benzyl-o^-M ethylbenzyl E ther in  L iquid Ammonia 
as S o lven t. —Racemic oC-Methylbenzyl a lcohol (6l  g . ,  0.5 mole) d isso lved  
in  100 ml. o f  dry  e th y l e th e r  vas added to  1 1 . o f liq u id  ammonia c o n ta in ­
ing 0 .5  mole o f potassium  amide prepared from 19-55 g- (0 .5  mole) o f po­
tassium . A fte r s t i r r i n g  l / k  hour, 9^.5 g. (O.75 mole) o f benzyl ch lo ride  
was added to  the  m ixture and the  ammonia was evaporated  a t  room cond itions 
(about 3 h o u rs). The re a c tio n  m ixture was decomposed with 100 ml. o f 
water and e x tra c te d  w ith e th e r . . The e th e r  e x tr a c t  was washed th ree  times 
with 50 ml. p o rtio n s  of w ater, tw ice w ith  20 ml. o f  N hydrochloric  a c id , 
and again , th ree  tim es w ith 50 ml. p o rtio n s  o f w ater. The so lu tio n  was 
d ried  over sodium s u lf a te ,  so lv en t was removed, and excess benzyl ch lo rid e  
(25.42 g. ) was d i s t i l l e d  from the m ixture. D i s t i l l a t io n  of the residue  
gave ( i )  2.77 g. o f  fo reru n , b . p. 90-94° a t  0.45 mm.; ( i i )  9.52 g. ,  b. p. 
94-97° a t  0 .4 5 -0 .4  mm., ng5.8  ( n i )  6 .8 I  g . ,  b . p. 97° a t  0 .4  mm.,
ng5-5 1 . 5488; ( iv )  69-42 g . ,  b . p. 96-99-5° a t  0 . 4-0 .5  mm., n§5*5 1,5490; 
(v) 6.13 g . , b . p . 99-5-101°  a t  0 . 5-0.55 mm., n^5 1.5492. The combined 
f r a c t io n s , ( i i )  through (v ) , re p re se n t an 86.6$ y ie ld  of e th e r .
In  a s im ila r  experim ent, 0.5 mole o f sodium oCrme thy lbenzyla  te  
was tre a te d  w ith 0.75 mole o f benzyl ch lo rid e . The m ixture was s t i r r e d  
overn igh t and worked up by th e  procedure described  below. D is t i l l a t io n  
gave ( i )  59-50 g. o f unreacted  benzyl ch lo ride  and a lcoho l b . p. to  89° 
a t  0.75 mm.; ( i i )  3-13 g - , b . p. 91-101° a t  0.7  mm., n|5  1 , 5462; ( i i i )
hi
^•39 g . , b .  p. 101-102°  a t  0 .7  mm., i . 51^88; and ( i v )  63.18 g . , b . p. 
102°  a t  0 .7  H i m . ,  1.5I4.95, F r a c t io n s  ( i i i )  and ( i v )  r e p r ese n t  a 63.7# 
y i e l d  o f  e th e r .
P rep a ra tio n  o f ( -)-Benzyl-oC-M ethylbenzyl E th e r . —O p tic a lly  ac tiv e  
( - ) - o^m ethylbenzyl a lco h o l, b . p. 66-66 .8°  a t  2.95 mm., 1 . 5247, and
0(^5 -42.94°  (n e a t) , was prepared  by the method of Downer and Kenyon (28) . 
The rep o rted  (29) values fo r  o p t ic a l ly  pure alcohol a re  b . p . 93*8°  a t  12 
ram., 1^5 1 . 5248, and - 43-7° (n e a t) . The a lcohol (15-45 g .,  0.126 
m ole), in  60 ml. o f d ry  e th y l e th e r  was added to  0.126 mole potassium  
amide (from 4.93 g- of potassium ) in  600 ml. of l iq u id  ammonia in  8 min­
u tes  and the  m ixture was s t i r r e d  5 m inutes. Benzyl ch lo rid e  (63.76 g . ,
0.5 mole) was added in  15 minutes and the  m ixture was s t i r r e d  a t  room 
co n d itio n s  u n t i l  the  ammonia evaporated (about 5 hou rs). Water (100 m l.) 
was added, the la y e rs  were sep a ra ted , and the  aqueous la y e r was e x tra c te d  
th ree  tim es w ith  50 ml. p o rtio n s  o f e th e r . The combined organic m a te ria l 
was washed w ith 25 ml. o f w ater, 10 ml. of N hydrochloric ac id  and f in a l ly  
th ree  tim es w ith  25 ml. p o rtio n s  of w ater. The so lu tio n  was d ried  over 
sodium s u lf a te  and, a f t e r  removal o f so lv en t, excess benzyl ch lo rid e  
(42.63 g .  ) was d i s t i l l e d  from the  m ixture. D is t i l la t io n  o f the  res id u e  
gave ( i )  0.71 g. o f fo re ru n , b . p. to  68° a t  3-4 mm.; ( i i )  1.27 g .,  
b . p. 117-118° a t  2 .2  mm., ng5 1.5432; ( i i i )  22.17 g . ,  b. p. I l8 °  a t  2 .2  
mm., n^5 1.5U86, .79 .19° (n e a t) ;  ( iv )  1.12 g., b . p. I l8 °  a t  2 .2  mm.,
n 5̂ 1.5510. F rac tio n  ( i i i )  was r e d i s t i l l e d  g iving ( i ’ ) I .7 1  g. o f fo r e ­
run, b , p. 106-110° a t  1.15 mm., n|5  1.5458; ( i i ' )  1 .66  g . , b . p. 110- 
104.2° a t  1 .15-0 .95  mm., n^5 1.5482, o L ^  - 79-99° (n e a t) ; ( i i i ' )  16.54 g . ,  
b. p . 104.2 - 106°  a t  1 mm., n|5  1.5489, o(§5 _8o.32° (n e a t) ;  ( i v ' )  1.40  g . .
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b . p. 106° a t  1 mm., 1.550O, F rac tio n  ( i i l ' ' )  re p re se n ts  a 6 I .9 #
y ie ld  o f e th e r ,  and was shown to  be a t  l e a s t  94. 1# o p t ic a l ly  pure as 
in d ic a ted  below.
Hydrogenolysis of ( -)-B enzyl-o^-M ethylbenzyl E th e r .- -O p tic a l ly  
a c tiv e  (-)-benzy l-o^-m ethy lbenzyl e th e r  (5 .91 g. -8 .3 5 °) in  a mix­
tu re  o f 10 ml. o f e th an o l and 10 ml. of a c e tic  acid  was c a ta ly t ic a l ly  
reduced w ith  hydrogen in  the presence of 0 .5  g. o f 5# palladium  on 
charcoa l. A fte r absorp tion  of 65O ml. o f hydrogen in  4 hours (27° ,
738 mm.), the  re a c t io n  was stopped. The m ixture was f i l t e r e d ,  t r e a te d  
w ith  15 g. o f potassium  carbonate in  150 ml. o f w ater, and e x tra c te d  
w ith  50 ml. of e th e r .  The e x tra c t  was washed th ree  tim es w ith  20 ml. of 
w ater and was d r ie d  over sodium s u lf a te .  A fte r so lv en t was removed d i s ­
t i l l a t i o n  o f the  re s id u e  to 60° (bath  tem perature) a t  O.7 mm. a ffo rd ed  
1 .0  g. in  the  oi  -methylbenzyl a lcoho l f r a c t io n .  The d i s t i l l a t e ,  which 
showed a tra c e  o f carbonyl ab so rp tio n  in  the  in f ra re d , was tre a te d  w ith  
0.1  g. o f lith iu m  aluminum hydride in  15 ml. o f e th y l e th e r . Excess 
reducing agent was decomposed w ith  m ethanol, w ater was added and the 
m ixture was e x tra c te d  with e th e r .  A fte r dry ing  and removal o f so lv en t, 
d i s t i l l a t i o n  to  91° (bath  tem perature) a t  9*5 mm. gave 0.43 g . o f ( - ) -  
^ -m ethy lbenzy l a lco h o l which had - 4 . 28°  (n e a t) , c a lc u la te d  to  be
9.79# o p t ic a l ly  p u re . I t s  in fra re d  spectrum showed no carbonyl group 
ab so rp tio n . Based on the  a c t iv i ty  o f the recovered a lco h o l, the  e th e r  
having -8o .3° has an o p tic a l  p u r ity  o f 9^>1#; and the  c a lc u la te d
value fo r  the o p t ic a l ly  pure e th e r  is  -85 .3° (n e a t) .
The im purity  showing abso rp tion  in  th e  carbonyl reg io n  o f  the  
in fra re d  spectrum may have been e i th e r  acetophenone o r the  a c e ta te  o f
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the  a lco h o l. Lithium  aluminum hydride re d u c tio n  would not a f f e c t  the 
asymmetric c en te r  o f  the a c e ta te .  However, red u c tio n  of acetophenone 
would give racem ic a lco h o l r e s u l t in g  in  a s l ig h t ly  low value fo r  the 
ca lc u la te d  o p t ic a l  p u r i ty  o f  the e th e r .
In  ano ther experim ent, 8.53 g. o f ( - ) -b en zy l- ^-m ethylbenzyl 
e th e r  having -12.02° was subm itted to  hydrogenolysis by the  p ro ce­
dure d esc rib ed  above. The re a c tio n  was stopped a f t e r  absorp tion  of 1204 
ml. o f hydrogen (26 . 5° , 739 mm. ) in  5 hours. The mixture was f i l t e r e d  and 
the f i l t r a t e  was t r e a te d  w ith  30 g. o f sodium carbonate and 350 ml. o f  
w ater. A fte r e x tra c tio n  w ith  e th e r , phases were separa ted , and the e th e r  
la y e r  was d r ie d  over sodium carbonate. Solvent was removed, and d i s t i l ­
la t io n  of th e  re s id u e  gave l . l 8  g , , b . p . 60° a t  1 .7  mm., -6.08°
(n ea t)  in  th e  ^-m ethy lbenzy l a lcohol f r a c t io n .
The in f ra re d  spectrum o f the  d i s t i l l a t e  in d ica ted  a tra c e  of 
carbonyl ab so rp tio n . Treatment of the  d i s t i l l a t e  w ith  G ira rd 's  "T" 
reagen t follow ed by d i s t i l l a t i o n  a t  83° (b a th  tem perature) a t  U.8 mm. 
gave 0.52 g. o f  lh .0 5 #  o p t ic a l ly  a c tiv e  ^ -m ethy lbenzy l a lco h o l having
-6 . l 4° (n e a t) .  The in fra re d  spectrum  ob ta ined  on a r e la t iv e ly  th ic k  
film  (0.025 mm.) showed a very  weak, broad ab so rp tio n  peak a t  about 5»99a 
in d ic a tin g  incom plete removal of the carbonyl compound.
The ro ta t io n  o f the a lcoho l a ffo rd s  a c a lc u la te d  value of 93 .9^
o p tic a l  p u r i ty  fo r  th e  e th e r  having ©(,̂ 5 -8 0 .3 ° .
Rearrangement of ( - ) -Benzyl - -M ethylbenzyl Ether in  Liquid 
Ammonia a t  - 33° . --The e th e r  [18.G g . , O.O85 mole, .29 .32° (n e a t) ,
3^ .^^  o p t ic a l  p u r i ty ]  in  28 ml. of e th y l e th e r  was added to  0 .17  mole of 
potassium  amide (from 6 .6h g . of potassium ) in  300 ml. of l iq u id  ammonia.
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and the  m ixture was s t i r r e d  th ree  hoursc E th er (lOO m l.) was added, and 
excess amide was decomposed hy ad d itio n  of 100 ml. of w ater. Layers were 
separa ted  and the  w ater la y e r  was e x tra c te d  one tim e w ith 100 ml. of e th e r . 
The combined e th e r  s o lu tio n  was washed 8  tim es w ith  50 ml. o f w ater in  an 
a ttem pt to  remove benzamide, which forms by re a c tio n  o f excess base w ith 
the cleavage p ro d u c t, benzaldehyde (2 ). The e th e r  so lu tio n  was d ried  
over sodium s u lf a te  and so lv en t was removed. D is t i l l a t io n  o f the residue  
gave ( i )  0.53 g* o f fo re ru n , b . p . to  60° a t  2 .5  mm., ( i i )  2 .o8  g . , b . p. 
I l8 °  a t  0 .9- 0.7  mm., ( i i i )  2.98  g . ,  b . p . 118-117°  a t  0 .7 - 0.65 mm., ( iv )  
3.79 g . ,  b. p. 117-115° a t  0 .62-0 .58  mm., @(g5 -21.21° (n e a t) , (v) 1,31 g , , 
b . p . 115° a t  0 .58 mm. The presence of benzamide was in d ica ted  by c a r ­
bonyl abso rp tio n  in  the  in fra re d  spectrum of the  d i s t i l l a t e .  F rac tions
( i i i ) ,  ( iv ) ,  and (v ) were combined in  30 ml. o f  hexane and washed ten  
tim es w ith 10 ml. o f w ater, d ried  over sodium s u lf a te ,  and so lven t was 
removed. D i s t i l l a t io n  o f th e  residue  gave ( i ' j  1.86  g . , b . p. 119-116° 
a t  0.86 mm., ( i i ' )  2.02  g .,  b . p. I l6 °  a t  O.65 mm., [s<.]|5 - 12.1 - 0 . 2°
(c h .28 , chloroform ), ( i i i ' )  1.46 g . , b . p. 1X6 -115°  a t  O.65 mm.,
-21.61° (n ea t)  and -11.9  t  0 .2° (c  4 . 28, chloroform ), ( iv )  O.97 g . ,
b . p . 115° a t  0,65 mm. The in fra red  sp ec tra  o f  f ra c tio n s  ( i i * )  and ( i i i ' )  
in d ica ted  th a t  le s s  than  0 .5^  benzamide remained.
(+) -Methyldeoxybenzoln by O xidation of A lcohols from Rearrangement 
o f (-)-B enzyl-ad-M ethylbenzyl E ther a t  - 33°  (27 ) . --The d iastereom eric  mix­
tu re  o f 1 ,2 -d ip h en y l-1 -propanols (2.12 g . ) from f ra c tio n s  ( i i ' )  and ( i i i  ) 
o f the  above rearrangem ent in  10 ml, of benzene was added a t  room tempera­
tu re  over a p e rio d  of 2 l /2  hours to  a s t i r r e d  s o lu tio n  of 4.76 g. of 
sodium chromate, 6 .3  ml. of s u lfu r ic  a c id , 3-5 ml. o f  a c e tic  ac id , and
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21 ml. of -water. S t i r r in g  was continued fo r  2 hours, la y e rs  were sep­
a ra te d , and th e  aqueous phase was e x tra c te d  w ith 10 ml. o f benzene. The 
combined organ ic  m a te ria l was washed w ith  th ree  10 ml. p o rtio n s  o f w ater, 
one time w ith 20 ml. of sa tu ra te d  sodium carbonate so lu tio n , and again  
th ree  tim es w ith  10 ml. of w ater. The so lu tio n  was d rie d  over sodium
s u lfa te  and th e  so lv en t was removed. D is t i l l a t io n  of the  res id u e  a t  
128° (b a th  tem perature) a t  1 mm. gave O.96 g. o f 21.8^ o p tic a lly
pure methyldeoxybenzoin which m elted a t  ^5- 50°> and showed M  +^5“2 I
0 . 2° (c chloroform ). The rep o rted  values fo r  o p t ic a l ly  pure methyl­
deoxybenzoin a re  b . p . l lU - l l6 °  a t  1 mm. (27), m. p . 3^-35°, 207°
(c  1 .07 , c h l o r o f o r m )  (30). The r e p o r t e d  m e l t i n g  p o i n t  o f  t h e  ( - ) - k e to n e  
i s  50-52° (30).
Since th e  e th e r  was 3^ « o p t i c a l l y  pure, the le v e l  of a c t iv i ty  
in  the  ketone re p re se n ts  63/t r e te n tio n  of o p tic a l  a c t i v i ty  in  the  r e a r ­
rangement.
Rearrangement of ( - ) -B enzy l-oÇ-MethyIbenzyl E ther in  L iquid 
Ammonia a t  -60° .--T o  300 ml. o f a so lu tio n  o f O.I58 mole o f potassium  
amide (from 6.16 g. o f potassium ) in  l iq u id  ammonia a t  -65 to  -60° was 
added 16 .7  g* (O.O788 mole) o f 33. 2% o p tic a l ly  pure ( - ) -b e n z y l-  ^-m ethyl- 
benzyl e th e r , -28.36°, in  28 ml. of dry e th y l e th e r . The tem perature
of the  s t i r r e d  m ixture was m aintained a t  -65 to  -60° fo r  four hours.
E ther (lOO m l .), followed by 100 ml. o f w ater, was added and s t i r r i n g  was 
continued o v e rn ig h t. The re a c tio n  m ixture was worked up as described  
above in  the  rearrangem ent a t  - 33° . D is t i l l a t io n  of the re a c tio n  mixture 
gave (1 ) 8 .06 g . ,  b . p. 102-117° a t  O.76 mm. and ( i i )  3 .56 g . ,  b . p. 117- 
119° a t  0.75 mm. The in fra re d  spectrum of f r a c t io n  ( i )  showed th a t  i t  was
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unreacted  e th e r  con tain ing  some a lco h o l. A bsorption a t  9 . I p  in  the 
in f ra re d  spectrum  of f r a c t io n  ( i i )  in d ica ted  the presence of some e th e r .
R e d is t i l la t io n  o f f r a c t io n  ( i i )  to  130° (bath  tem perature) a t  
0 .6$ mm. gave ( i ' )  2.08 g. and ( i i / )  1.23 g- The t o t a l  ro ta t io n  of 
f r a c t io n  ( i i ' ) ,  -22 .3°  (n e a t) ,  was s l ig h t ly  high because o f incom­
p le te  removal of the unreacted  e th e r  as in d ic a te d  by the  in fra re d  spec­
trum of the compound.
(+ )-Methyldeoxybenzoin by Oxidation o f the A lcohols from R earrange­
ment in  Liquid Ammonia a t  - 60° .--A  benzene s o lu tio n  (6 m l.)  of 1.20  g. of 
f r a c t io n  ( i i ' )  from the above rearrangem ent was oxldi?,ed by the procedure 
described  e a r l i e r  with a  m ixture o f  2.69 g- o f  sodium chromate, 3*56 ml. 
of s u lfu r ic  a c id , I .9 8  ml. of a c e t ic  a c id , and 11.88 ml. of w ater. D is­
t i l l a t i o n  of the  re a c tio n  m ixture to  130° (b a th  tem perature) a t  0 .8  mm. 
gave 0.39 g- (24^ /  o f 21 . 3̂  o p t ic a l ly  a c tiv e  (+ )-methyldeoxybenzoin which 
m elted a t  45- 49° and s h o w e d 2$ +4 4 . 1° (c  4 . 6 , chloroform ). The in fra re d  
spectrum of the ketone showed no ab so rp tio n  c h a r a c te r i s t ic  of benzy l- >1- 
methylbenzyl e th e r  which was p re sen t in  the  rearrangem ent product befo re  
o x id a tio n .
The le v e l  of a c t iv i ty  o f the  ketone rep resen ted  64% re te n tio n  of 
o p t ic a l  a c t iv i ty  in  the rearrangem ent.
Rearrangement o f  ( - ) -Benzyl-fX.-Methylbenzyl E th er in  E thy l E ther 
a t  35° . —To 0.124 mole o f  potassium  amide (from 4.83 g- o f potassium ) in  
50 ml. of e th y l e th e r was added 13-12 g. (O.0618 mole) o f  8 . 1% o p tic a l ly  
a c tiv e  ( - ) -benzyl -^ -m e th y lb en zy l e th e r , @(2$ -6 . 91° , in  20 ml, o f e th y l 
e th e r .  The m ixture was re  fluxed  on a steam b a th  16 hours, and worked up 
as described  e a r l i e r  fo r the  rearrangem ent in  l iq u id  ammonia a t  - 33° .
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D is t i l l a t io n  gave ( i )  O.08 g. o f fo re ru n , ( i i )  6.33 g*> b . p. I l 8- 121° a t  
0.75 mm., and 4.10 g. o f v iscous re s id u e . Because o f carbonyl absorp tion  
in  the in f ra re d  spectrum , f r a c t io n  ( i i )  in  20 ml. o f  hexane was washed 
ten  tim es w ith  10 ml. p o rtio n s  o f w ater and r e d i s t i l l e d .  The alcohol 
m ixture, 4.93 g . , c o lle c te d  a t  l l 8 °  a t  0.6$ mm. showed carbonyl absorp­
tio n  a t  5*96/^. Treatment o f the  m ixture w ith  G ira rd ’s "T" reagent and 
r e d i s t i l l a t i o n  gave ( i ' )  0.92 g . , b . p. 125-127° a t  1 .1 -1 .5  mm., ( i i ’ )
2.04 g . , b . p. 127° a t  1 .5  mm., - 5. 83° (n e a t) ,  and ( i i i ’ ) forced,
0.63 g. The in fra re d  sp ec tra  o f f r a c t io n s  ( i ’ ) - ( i i i ’ ) showed weak 
abso rp tion  bands a t  5-95,<!^> in d ic a tin g  a tra c e  o f im purity  s t i l l  remained 
in  the m ixture o f the  a lco h o ls .
( + ) -M e th y ld e o x y b e n z o in  b y  O x id a t io n  o f  t h e  A l c o h o l s  fro m  R e a r r a n g e ­
m e n t i n  E t h e r  a t  35° . - -A  b e n z e n e  s o l u t i o n  ( lO  m l . )  o f  I .8 3  g .  o f  f r a c t i o n  
( i i ’ ) fro m  t h e  a b o v e  r e a r r a n g e m e n t  w as o x i d i z e d  b y  t h e  p r o c e d u r e  d e s c r i b e d  
e a r l i e r  w i t h  a  m ix tu r e  o f  4.76 g .  o f  so d iu m  c h r o m a te ,  6 .3  m l. o f  s u l f u r i c  
a c i d ,  3.5 m i. o f  a c e t i c  a c i d  a n d  21 m l. o f  w a t e r .  D i s t i l l a t i o n  o f  r e a c ­
t i o n  p r o d u c t  t o  124°  ( b a t h  t e m p e r a t u r e )  a t  1 mm. g a v e  O.56 g .  (31̂ )  o f  
5.7# o p t i c a l l y  a c t i v e  ( + ) - m e th y ld e o x y b e n z o in  w h ic h  m e l t e d  a t  43-49°  an d  
show ed  +11.9° ( c  9*32, c h l o r o f o r m ) .
The a c t i v i t y  o f  t h e  k e to n e  r e p r e s e n t e d  'JOjo r e t e n t i o n  o f  a c t i v i t y  
i n  t h e  r e a r r a n g e m e n t .
T est o f  O p tica l S ta b i l i ty  o f ( - ) - l , 2 -D iphenyl-l-p ropanol w ith 
Potassium Amide. —O p tic a lly  a c tiv e  ( - ) - l , 2 -d ip h en y l-l-p ro p an o l 5.16 g . ,
0.024 mole, < 3 ( . -2 . 15°  (n e a t)  in  60 ml. of e th y l e th e r  was s t i r r e d  w ith
0.048 mole o f  potassium  amide (from I .8 9  g. o f potassium ) in  300 ml. of 
l iq u id  ammonia u n t i l  the  ammonia evaporated and s t i r r i n g  was continued
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a t  room tem perature  fo r a t o t a l  o f  12 hours. The m ixture was decomposed 
w ith w ater and e x tra c te d  with e th e r . A fte r removal of the so lv en t, d i s ­
t i l l a t i o n  a t  130° (bath  tem perature) a t  0.7  mm. gave 4.35 g> (84%) of 
d i s t i l l a t e . The recovered a lco h o l had an o p t ic a l  ro ta t io n  of -2 . l 4°
(n e a t) ;  and i t s  in f ra re d  spectrum ( liq u id )  was id e n t ic a l  w ith th a t of the 
s t a r t in g  a lco h o l.
T est o f S ta b i l i t y  of Benz-ylmethylphenyl C arbinol w ith Potassium 
Amide. --Benaylm ethylphenyl c a rb in o l was prepared  in  a y ie ld  o f 54^ from 
benzyl magnesium bromide and acetophenone. The a lcoho l melted a t  49-50°; 
the rep o rted  m.p. i s  51°  (31). A so lu tio n  of h . 2k g. ( 0.02 mole) o f the 
a lcoho l in  20 ml. o f e th e r  was added to  0.04 mole o f potassium  amide 
(from 1.56 g. o f potassium ) in  125 ml. o f l iq u id  ammonia. A fte r two 
hours , when most o f  the ammonia had evaporated , 50 ml. of e th e r  was add­
ed and s t i r r i n g  was continued a t  room tem perature  fo r  1 l /2  hours. The 
m ixture was decomposed by the ad d itio n  of 50 ml. o f w ater. E ther e x tra c ­
t io n  affo rded  about 4 g . of recovered a lcoho l which had an in fra red  spec­
trum (supercooled l iq u id )  th a t  was id e n tic a l  w ith  the s ta r t in g  m a te ria l.
P rep a ra tio n  of O p tica lly  A ctive b is  (oC-M ethylbenzyl) E th e r . -- 
O p tica lly  a c tiv e  (+ )- o^-methylbenzyl a lco h o l had b. p. 90 . 5-91*2° a t
13.25 mm., n^5 1.52U2 and +38 .94°  (n e a t) . The maximum ro ta t io n
value o f C5( ^5 +^3,70 (27) was used to  c a lc u la te  an o p tic a l  p u rity  o f 
89.1% on the b a s is  of a n e g lig ib le  d iffe ren c e  in  ro ta t io n  between 25 
and 27° C. Thus, a  sample of levo  a lcoho l showed o( 25 - 42.94° (n ea t) 
and o(27  - 42.91° (n e a t) .
A m ixture o f 18.IO g. ( 0 . l 48 mole) of the  a c tiv e  a lco h o l, and
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6 .4  ml. o f a 1 si (volume) so lu tio n  o f s u lfu r ic  a c id  and w ater was 
allowed to  stand  a t  room tem perature fo r  72 hours w ith  occasional 
shaking. A hexane e x tr a c t  o f the  m ixture was washed w ith w ater, so ­
dium carbonate so lu tio n , again  w ith  w ater, and then  d ried  over sodium 
s u lfa te .  A fte r removal o f the so lv en t, d i s t i l l a t i o n  gave ( i )  1.11 g . , 
b. p. 97-100° a t  1.75 mm., ng5 1.5365; ( i i )  1.19  g . ,  b . p. 100-108° a t  
1.75 mm., n^5 1.53795 and ( i i i )  12.85 g . ,  b . p. 105-108° a t  1.75 mm., 
1 ' 5388, +28.83° (n e a t) . F rac tio n  ( i i i )  re p re se n ts  a y ie ld  o f
78.7$ of the d ia ste reo m eric  m ixture of e th e r s .  By re a c tio n  of 72. 5% 
o p tic a l ly  a c tiv e  ( - ) - oÇ-methylbenzyl a lcoho l as described  above fo r 
20 hours, Weinheimer (5 ) obtained  the  e th e r  having b . p. 133-13^° a t  
7 mm., n|5  1.5383, and o(25  -22 .56° (n e a t) .
hydrogenolysis o f  O p tica lly  A ctive b is  ( -M ethylbenzyl) E th e r . -- 
O p tica lly  a c tiv e  e th e r  was prepared  as described  above from 56.6% o p t i ­
ca lly  pure ( - ) - ^ -m ethy lbenzy l a lco h o l which had n^^ 1.52^9 and ^5 
-24.72° (n e a t) . The e th e r  [ 9-20 g . ,  n^5-6 ^ and -20.22°
(n ea t)}  in  20 ml. of a m ixture o f a c e t ic  a c id  and e thano l ( l ; l ,  volume) 
was c a ta ly t ic a l ly  reduced w ith  hydrogen in  the  presence of 0.5 g. o f 5% 
palladium  on charcoa l. A fte r ab so rp tio n  of 800 ml. of hydrogen (30°  C ., 
737 mm.) in  5 l / 2  hours, the  re a c tio n  was stopped and the m ixture was , 
f i l t e r e d .  A cetic  ac id  was removed by adding 15 g . of sodium carbonate 
in 150 ml. o f w ater. The aqueous so lu tio n  was tw ice ex tra c te d  with 50 
ml. po rtio n s  o f e th e r . The combined organic m a te r ia l was washed th ree  
times w ith  50 ml. of w a ter, d r ie d  over sodium s u lfa te  and so lven t was 
removed. D is t i l la t io n  o f  the  res id u e  gave ( i )  fo re ru n , 0.76 g . , b . p.
56
59- 54° a t  53-35 mm.; ( i l )  0.2? g . ,  b. p . 55-59° a t  3 .7 - 4.0  mm.; o C ÿ  
-1 .98° (n e a t) ;  ( i l l )  0,64 g . ,  b . p . to  119°  a t  3-3 mm.; ( iv )  4,02  g . , 
b . p . 119-120° a t  3 .3  mm,, n§5 1.5373, ^ | 5  .26 .74° (n e a t) ,
The recovered ^-m ethylbenzyl a lco h o l, f r a c t io n  ( i i ) ,  was 4 . 5# 
o p tic a l ly  a c tiv e  and I t s  in fra red  spectrum  showed only a tra c e  o f c a r ­
bonyl ab so rp tio n .
Rearrangement o f O p tically  A ctive h is  ( oÇ-Methylbenzyl) E th e r . — 
The e th e r  [12.58 g . , 0.556 mole, n^5 1 .5388, (@(30 +28,83° (h e a t)  1 In  50 
ml, of e th y l e th e r  was added to 0.111 mole o f potassium  amide (from 
4.35 g. of potassium ) In  150 ml. o f  l iq u id  ammonia. The m ixture was 
s t i r r e d  u n t i l  the ammonia evaporated (about 1 hour) and then  was heated  
w ith a m antle u n t i l  the  e th y l e th e r  re flu x ed  g e n tly . E ther was allowed 
to  d i s t i l  from the f la s k ,  and the s t i r r e d  m ixture was heated  a t  50-60° 
fo r 96 hours . E ther (50 m l.) , follow ed by 50 ml, o f w ater was added to  
the re a c tio n  f la s k , the  lay ers  sep a ra ted , and the  aqueous la y e r  e x tra c te d  
four tim es w ith  30 ml. portions of e th e r .  The organic so lu tio n  was d rie d  
over sodium s u lfa te  and the so lven t was removed. The l i g h t  brown re s id u e  
9.52 g. was chromatographed on a lk a l in e  alumina (75 x 3 .5  cm.) as in d i ­
cated  In  the  ta b le  below.
F rac tio n s  (85-87) had [oC]30 +6 . 4l °  (c  4 . 13, e th a n o l) , (88-100) had 
+6.31° (c 11 .03 , e th an o l), and (101-122) h a d +4 .97° t  0.3  (c
5.90, e th a n o l) . An a lco h o l so lu tio n  of f r a c t io n s  (101- 122) was t r e a te d  
w ith a c tiv a te d  charco a l, f i l t e r e d ,  and evaporated to  dryness on a steam 
ba th . The res id u e  showed [«(]31 +5.70° (c 3 . 46, e th an o l)  and +18.97° 
(c 3 .74 , chloroform ).
Solvent Volume
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F rac tio n Wt. o f E lu ted M elting
(1 )* Numbers M ate ria l (g) Point-)Ht
Hexane 17.7 1-11 t ra c e O il
Hexane - 
E ther ( l 9 ; l ) 6 .7 12-14 0.11 (o i ly  s o lid )
It 3.25 15-21 0.79 79-85.5
n 11.9 22-76 2.65 84-86
II 1 .15 77-78 0.10 57-79
" (9 : 1 ) 0 .7 79-80 0.07 ( o i ly  s o l id )
II 1.85 81-84 0.67 45-65
II 13 .4 85-117 2.85 65-67
It 4.75 118-128 0.81 63-66
E ther 0 .7 129-130 0.33 63 -64
*The volume c o lle c te d  fo r most o f  the in d iv id u a l f r a c t io n s 15-130 was
0.35 1 .
♦♦M inimum a n d  maximum o b s e r v e d  i n  i n d i c a t e d  f r a c t i o n s .
F r a c t i o n s  (23-28) showed + o .6 l°  ( c  O.83, e t h a n o l ) ,  a n d  f r a c ­
t i o n s  (6O-70) h a d  +0.87° ( c  3 '^ 7 , e t h a n o l ) .  C o m b in ed  f r a c t i o n s  o f  
t h e  h i g h e r  m e l t i n g  a l c o h o l  (0 .75  g - ) f l a s h  d i s t i l l e d  w i t h  a  f la m e  a t  0.3 
ram. g a v e  0 . 4$ g . o f  d i s t i l l a t e  w h ic h  m e l t e d  a t  85-86° a n d  h a d
+0.95° (c 8 . 40, e th a n o l) .
The m e l t i n g  p o i n t s  o f  t h e  a l c o h o l s  w e re  n o t  d e p r e s s e d  b y  a d m ix tu r e  
w i th  t h e  c o r r e s p o n d i n g  r a c e m ic  a l c o h o l s  p r e p a r e d  f ro m  m e th y ld e o x y b e n z o in  
b y  M r. W, E . M a r s ic o  o f  t h i s  l a b o r a t o r y .
R o t a t i o n s  o f  t h e  v a r i o u s  c h ro m a to g ra p h y  f r a c t i o n s  o f  t h e  i n d i v i d u a l  
a l c o h o l s  d i f f e r  b e c a u s e  o f  t h e  p r e s e n c e  o f  i m p u r i t i e s .  T h i s  w as i n d i c a t e d  
b y  i n c r e a s e  i n  r o t a t i o n  a f t e r  t r e a t m e n t  w i t h  a c t i v a t e d  c h a r c o a l .
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The corresponding levo  a lco h o ls , prepared from (+ )-h y d ra tro p ic  
ac id  (d esc rib ed  below) a ffo rd ed  o p tic a l  p u r i t ie s  o f  approxim ately  1.6$ 
fo r  the  e ry th ro  a lcoho l (m. p . 85°) and 12.2$ fo r  the  th re e  a lco h o l 
(m. p . 6 5 °). These percen tages are  based on the maximum observed r o ta ­
tio n s  o f the re sp ec tiv e  c a rb in o ls  from the  rearrangem ent. However, they 
are  probably s l ig h t ly  h igh  because th e  ( + ) -methyldeoxybenzoin, on which 
the  c a lc u la te d  maximum ro ta t io n s  of the  sy n th e tic  a lco h o ls  are  based, 
was no t pure .
S yn thesis  o f  O p tic a lly  A ctive e ry th ro  and th re o  2 , 3 -B iphenyl-2 - 
b u ta n o ls .* —R eaction  o f d iphenyl cadmium w ith hyd ra tropy l c h lo rid e , 
prepared  from 4.4  g. o f (+ )-h y d ra tro p ic  ac id  (27) a ffo rd ed  4.02 g. of 
(+ )-methyldeoxybenzoin which b o ile d  a t  111° a t  0.3 mm. and had 
+57«46° (c 5*96, chloroform ). The repo rted  (30) maximum r o ta t io n  is  
[oc[^7 +207° (c 1 .07 , chloroform ). The observed ro ta t io n  i s  low because 
of contam ination  of the ketone w ith b ipheny l, separa ted  l a t e r .  Cleavage 
o f e th y l e th e r  by the d iphenyl cadmium reagen t p rovides an a lco h o l fo r  
the  form ation  o f e th y l h y d ra tro p a te , (32), which i s  probably  a lso  an 
im purity  in  th e  ketone. An in fra re d  spectrum was n o t ob ta in ed , th u s , 
the presence o f the e s te r  was not v e r if ie d .
R eaction of the ketone w ith methyl magnesium io d id e  and chroma­
tography o f 2 .5  g. o f  the  p roduct on alumina in  hexane gave ( i )  0.25 g. 
o f b ip h en y l, id e n t i f ie d  by m elting  p o in t and mixed m elting  p o in t w ith 
an a u th en tic  specimen; e lu t io n  w ith 5$ e th e r  in  hexane gave 0.25 g- of 
e ry th ro  ( - ) - 2 ,3 -d ipheny l-2 -bu tano l m. p. 80-83°, [o<]34 ^o ^
e th a n o l) ; ( i i i )  O.65 g . , m. p . 62-65°; and ( iv )  0.23 g. o f th reo  ( - ) -  
♦This experim ent was perform ed by Mr. J .  0 . B ledsoe.
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2 , 3-â ip h en y l-2 -'butanol, m. p . 65-67°, - l 4 .6° (c 3-6 , e th an o l) and
-48. 5°  (c 4 , 02, chloroform ).
On the b a s is  o f the methyldeoxybenzoin being  27. 8% o p tic a l ly  
a c tiv e , o p t ic a l ly  pure e ry th ro  ( - ) - 2 , 3-d ipheny l- 2-butanol has a c a lcu ­
la te d  ro ta t io n  -59.7°  (e th an o l) and the th reo  a lcoho l has a c a lcu ­
la te d  maximum ro ta t io n  [o(]^5 -52 .5° (e th a n o l) .
T est o f  O ptical S ta b i l i ty  of th re o -2 , 3 -D iphenyl-2 -butanol with 
Potassium Amide.--S e v e ra l f ra c tio n s  from the above rearrangem ent o f  b is  
( ^-m ethy lbenzy l) e th e r , which were contam inated w ith  some d u st, were 
combined to  give 0 .9  g. (0.004 mole) of the th re o  a lcohol (m. p. 65°)
which had an  o p tic a l  ro ta t io n  of .5 +5,80° (c 4 . 4, e th a n o l) . The
a lcohol was heated a t  60- 80° w ith O.OO8 mole o f potassium  amide (from
0.31 g. o f potassium ) fo r 5 days by the  procedure in  the b is  (cÇ-methyl- 
benzyl) e th e r  rearrangem ent described  above. An e thano l so lu tio n  o f the 
recovered m a te r ia l (0 .9  g>) was tre a te d  w ith  a c tiv a te d  charcoal and 
evaporated to  dryness on a ho t p la te .  The observed ro ta t io n  of 
+6.29° (c 4 . 1 , e thano l) o f the  recovered a lco h o l was h igher than th a t  
of the  s ta r t in g  m a te ria l because trea tm ent w ith  charcoal afforded  some 
p u r if ic a t io n .
C alcu la tio n  of R ota tion  o f O p tica lly  Pure (+ )-b is  ( c<-Methyl- 
benzyl ) E th e r . - -The mixed e th e r  subm itted to  hydrogenolysis had 
-20. 22°  and n^^ 1.5384. Recovered e th e r  had [o(]p5 -26. 74°  and n 5̂ 
1.5373. Ordinary e th e r  having n^5 1 .5391  was shown by gas chromatog­
raphy to  be composed of 53% d , l  and 47% meso isom ers.
Let X = f ra c tio n  o f d , l  e th e r in  m ixture a f t e r  hydrogenolysis.
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Let y = f r a c t io n  o f d , l  e th e r  in m ixture befo re  hydrogenolysis
Let z = t o t a l  d iffe ren c e  in  re f ra c tiv e  in d ice s  o f the  two e th e r s .
Let 0C= ro ta t io n  o f d , l  e th e r  p resen t in  the e th e r  m ixture.
1 . Then: x©C = -26 . 1k; y oC = -20 , 22; and x = 1.32 y
2 . A lso; xz = yz = 1.5373 - 1.5384 = -0.0011
3 . And: xz - 0 . 53z = 1.5373 - 1-5391 = - 0.0018
4 . Next; xz - = - 0.0011 o r z = -0-00454
1-32 X
S u b s titu tin g  in  3, and so lv ing , x = O.87
y = 0.66 
z = 0.0052
C alcu la tio n  o f  th e  amounts o f o^-methylbenzyl a lco h o l produced 
from the meso and d , l  forms of e th e r  leads to  the conclusion  th a t  1 .12 g. 
o f  a t o t a l  o f 2.49 g. formed in  50^ reac tio n  was derived  from the d , l  
e th e r . Since the  a lco h o l produced was 4.5^  o p t ic a l ly  pure, i t  can be 
shown th a t  the d , l  e th e r  was 10^ o p tic a lly  pure , and th a t  100^ pure 
e th e r  would have -307°.
SUMMARY
1 . In  two cases, a study of the  s tereochem istry  of the  m ig rating  
group in  the W ittig  rearrangem ent showed th a t  m ig ra tion  occurred 
w ith  predominant r e te n tio n  o f  c o n fig u ra tio n , b u t a lso  w ith s i g n i f i ­
can t racem ization . O p tic a lly  a c tiv e  ( - ) - b e n z y l- oÇ-raethylbenzyl 
e th e r  was rearranged  by potassium  amide w ith 63-70$ re te n tio n  o f 
o p tic a l  a c t iv i ty .  A m ixture o f  o p t ic a l ly  a c tiv e  and meso b is
( ^ -m eth y lb en zy l) e th e rs  rearranged  to  th reo  and e ry th ro  2 , 3- 
d iphenyl bu tano ls b o th  o f which were o p t ic a l ly  a c t iv e .
An in te rp re ta t io n  o f  the  r e s u l t s  supports both  S^i and c leavage- 
recom bination courses which have been p rev io u sly  proposed fo r  the 
rearrangem ent.
2 . P rep ara tio n  o f ( - ) -benzyl - o^-m ethylbenzyl e th e r  w ith  a high degree 
o f o p t ic a l  p u r ity  was accom plished by th e  W illiamson sy n th e s is  in  
l iq u id  ammonia as so lv en t.
6 l
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